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GEOPHYSICS, ASTRONOMY AND SPACE

VARIED AND IMPORTANY ROLE OF SATELLITES
Moscow KOSMOS-ZEMLE in Russian 1976 pp 13-15, 37-40, 76-89 and 97-182

[ Selections from the book "Kosmos-Zemle" by M, I. Shtern, USSR Acadesy of
Seiong]n, Series "Problems of Science and Technical Prograss, "Izdatel'stvo
Nauka |

[pp 13-157
[Text] Laboratory in Space

The third Soviet satellite in the full sense of the word was an autcaatic
scientific laboratory in space. According to its teclmical data, and the
number of experiments conducted it exceeded its predecessors by a great
deal. Its weight was 1,327 kg, including the weight of the scientific and
measuring apparatus together with tha power sources--968 kg.

The designing of the satellite tock into consideration a mumber of specific
requirements associated with the conducting on it of different scientific
experiments and the placement of a large quantity of scisntific and measuring
apparatus. The possibility of reciprocal influenca of individual scientific
instruments required the thorough study of layout of the sciemtific apparatus.

The main portion of instruments for the scientific studies together with the
power sources was placed within the satellite on an instrument frame located
in its anterior portion. The placement of sensitive elements (gages) of the
apparatus was determined by their purposa. Thus, the magnetometer was placed
in the antarior sactiomn of the satellite, in order to remove it the maxisum
distance from the remaining apparatus. The cosmic ray meters were installed
vithin the satellite. All the othar gages were placed cutside the hermetically-
sesled housing, Thus, the photomultipliers that served to record corpuscular
solar radiation were fastened on the anterior section of the housing., One
magnetic and two ionization mancmeters that measured pressure in the upper
layers of the atmosphere were installed in cylindrical cases welded into

the shell again of the anterior portion of the satellite. The remaining
apparatus was placed near thea.

A stable temperature wilhin the satellite was guaranteed by a system
of thermoregulation which was considerably perfected in comparison to that
used on the first satellites. The temperature was regulated by changing
the forced circulation of gaseous nitrogen, as well as by changing the
1l
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cosfficient of natural radiation of its surface. For this, adjustable louvers
consisting of 16 individual sections were installed on the lateral surface of
the satellits. They wera cpaned and closed by electric drives controlled by
the apparatus in the thermoregulation syatem,

The use of solar batterics us a power source mads it possible to obtain scien-
tific information for a long time. The solar semiconductor battery was
arranged in the form of individual sections on the surface of the housing.
Four small sections were installed on the anterior bottom, four om the lateral
surface, and one on the rear bottom. Such placement of the sections of the
solar battery guaranteed its normal oporation regardless of the orientation
of the satellite in relation to the sun,

The multiple-chanral radiotelemetric system of the third satellite differed
in its high resolution., It could transmit to earth a large volume of infor-
mation on the results of the scientific measurements.

To record high energy particles a luminescent meter was used consisting of &
crystalof sodium iodide and a photomultiplier with a photo cathode. '

’ The weasurements results showed that in all cases without exception when the

satellite enterad a band of latitudes 55-65° both in the Northern and in the
Southern Hemisphere a sharp increase was observed im the braking x-ray radi-
ation, governed by the bombardment of tha housing with electrons with energy
on the order of 100 keV. It was algo establigshed that the radiation inten-
sity increases with altitude., Both of thase things were a consequence of
the entrance of satellite into a zone of intenaive radiation which soon
received the name external zone of the radiatiom belt,

With the help of the photomultipliers designed to record the corpuscular
solar radiation for the first time electrons wers found directly with energy
on the order 10 keV. A stream of these electrons was recorded at altitude
from 470 to 1,880 km. Their intensity during the day was greater than at
night, whereby it continucusly changad with an increase in altitude and
geomagnetic latitude. Since the position (orientation) of the satellite was
known, then the direction of movement of the particles linked to the streams
of electrons was successfully determined. It was found that they, as a rule,

move perpendicular to ths direction of thes magnetic force line. Their velocity

of movement exceeded a great deal the velocity of solar corpuscles, measured
from observation of the aurora borealis.

Determination of the density of the upper atmosphere this time was made by
obsexrving the change in the parameter of the satellite orbit due to the
braking and recording of pressure with the help of ionization and magnetic
manometers.

A study of the parameters of the ionosphere was also made by different methods:

obsexvation of the spread of radio waves eamitted by the powerful radio trans-
mitter of the satellite, and with the help of the apparatus installed oa it,
so-called ion traps for the direct measurement of the concentration of posi-
tive ions along the satellite orbit, In addition, with the help of a radio-
frequency mass spectrometer the composition of the positive ions was studied.

2
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In order to moasure the magnetic earth fiald at great altitudes a self-
orienting magnetumeter was installed that measured the conplete intensity
of the magnetic fleld at the altitude of the satellite's orbit.

On the third satellite the intensity of the primary cosmic rays was also
recorded, and experiments were set up to determina tha quantity of heavy

nuclei in space radiation. Sevaral gages recorded impacts of micrometeor
particles.

The launching of tha third artificial satellite that existed over 2 years and
made over 10,000 revolutions around the earth permitted tha Soviet scientists
to conduct studies on all points of the corresponding section of the program
of International Geophysical Year.

[vp 37-407
- Chapter 3 Object of Studies--the Moon
Space Laboratory

= The closest celestial body to us, the only natural satellite of Earth, the
moon long befoxe the onset of the era of spaceflights was considered the most
studied body in the solar system after our planet. In the most advanced tele-
scopes one could distinguish on the lunar surface details with cross dimen-
sion of 1 kn and even less. With the help of photometers and apectrographs
the smallest nuances in its reflecting ability (albedo), color and much more
were recorded. When after the Soviet automatic station "Luna-1" dozens of
other spacecraft rushed to the moon the possibilities of studying it grew
remarkably.

The moon with its craters and ring formations, mountain crasts, "seas," and
"bays" has essentially become a giant acientific laboratory.

Why 18 man drawn towards the moon? What explains the interest of scientists
in our age-long satellite?

In answering such questions one often refers to man's striving to know his

surrounding world. This is undisputably so. But in the actual striving for

knowledge there lies an objective necessity for the further investigation of

laws of nature and the use of them for the good of people. The guessing of

secrats which the world of stars and planets hides will help to solve many,
- seemingly, purely terrestrial problems,

It is difficult to imagine l1ife of modern man, the taechnology of today without
the extensive use of minerals. Very great resources are expaended for their
prospecting. Exploration of new fields will bacome more effective if we have
a better recognition of the organization of our planet., First of all it is
necessary to obtain detailed data on the composition and structure of the

_ deep interior of the sarth, as well as information on the early stages of
‘existence of the earth. Howsver paradoxical, the answer to the question of
how the earth is organized can be obtained as a result of studying the moon.

- ~ According to modern ideas, the moon, apparently, is a residue of solid pre-
planetary bodies, that were not encompassed by Rarth in the process of its

3

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100040038-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100040038-5

FOR OFFICIAL USE ONLY

formation. Throughout its history the moon has been exposed to smaller
geological changes than Farth, Mars and V:enus, The processes of evolution
left many traces on the lunar surface--craters of different sizes. Some
scientists are prone to balieving that in the majority of cases the craters
were formed as rasults of impacts of meteorites on the lunar surface. Onme
can hope that on the moon a considarable number of traces of evolution are
preserved that reflect the early history of the solar system, From this view-
point the moon is even of greater importance for studies than tha plansts.

Thus, study of the moon is inseparably linkaed to the problems of inveutigating
Earth, its history and evolution, structure and composition of the intarior,
chemical and geological processes occurring inm it.

What, for exampla, cun an anslysis of samples of lunar rocks sent to Earth
provide? After determining in them the concentration of different radiocactive
elements and products of their breakdown the specialists establish when they

‘were formed, This makes it possible to reveal supplies of latent radioactive

energy in the depths of the moon, A total chemical analysis of the samples
and data on the content in them of a mimber of scattered elemants show which
processes resulted in the formation of this substance, was it in a liquid,
melted form or did it remain solid, crystalline. Special studies indicate
which temperatures and pressures actod on the substance and what nature these
factors had, Analysis of the lunar substance will help to open slightly the
curtain over the early stages of planetary formation.

The far side of the moon also interested the sciemtists, for even the smallest
differences in the structure of the visible and far hemispheres of the moon
make it possible to understand the nature of tha final stage in the braking
of this celestial body--"the spacial point," when as a consequence of the
tidal friction slicited by Earth the period of axial rotation of the moon
became equal to the pariod of its rotation around Earth.

The moon opens enormous perspactives before astronomers.

On the moon where there is no atmosphere the entire range of electromagnetic
radiation "is open" and accessible to direct observatiom and investigation.
The results obtained here make it possible to judge tha physical conditions,
content of hydrogen and temperature at different points in the solar corona,
and the chromosphera, the physical processes in the interplanetary medium,
as well as in the ionosphare and atmosphere of Earth.

On a lunar observatory one can mske a spactroscopic determination of the
chemical composition of the planets in the entire range of the spectrum, in
order to fix lines of gases and elements that are inaccessible to observation
from Earth.

The moon is an ideal place to study the primary cosmic rays all the way to
energies in the billions of billions of aelectron-volts. Such a possibility
for studying high anergy particles will permit scientists to penetrate deeper
into the secrete of the atructurs of matter, and more successfully solve the
problem of controlling thermonuclear processes. FPhysicists will obtain on
the moon the most enormous laboratory with an ideal vacuum, and low tomper-
atures.
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As the artificial satellites have shown a considerabla number of terrestrial
pxoblems can be solved only in space., Baing many thousands of kilometexrs
from the surface of the earth the instruments already have discoverad in the
seas and on dry land certain resources that are hidden from the observers
located on Earth. From the mocn ome can observe the earth objects in size up
to ssveral tens of meters--hundreds of times amaller than thosa which one can
eeo on the moon from Barth by using the same instruments. This 1s explained
by the fact that the atmosphere of Earth that is dusty and in continuous

s motion 1s in direct proximity to its surface.

Finally, without breaking away from the real potentialities of scienca, and
only slightly entering into the realm of fantasy ome can raise the question:
Hag the time not come when people, having spent aome important minerals in the
earth's depths and having found them on the moon will consider it expudient
to deliver these minerals to Earth? It is true that apparently it will be
insxpedient to transport them from there in their natural form. But the
possibility is not excluded of converting the mineral raw materials of celaes-
tial bodies into types of matter and energy convenient for transporting.

As Academician C. P. Korolev noted, organizatioi. on the moon of a permanent
scientific station, and subsequantly an industrial fucillty will permit the
use of untauched and as yet unknown resources of this great celestial body

close to us for science and the national economy.

We note that the volume and diversity of scientific information about the
moon which science today possesses thanks to space research are detemmined
first of all by the potentialities of the scientific apparatus installed
aboard the rpace stations. And these potentialities, in turn, are governed
by the weight and overall dimension limitations, ensrgy resources, length
of existenca of the stations, paculiarities of their movement along the
trajectory, and the nature of the information transmission. The tasks
fulfilled with the help of space stations can be very diverse. The studies
conducted by them mutually supplemant each other, and enrich our knowledge
about the moon. During the elapsed years astronautics has achieved out-
standing successes in this directiom.

[pp 76-89]

Orbital Scientific Station “Salyut™

The next stage in Soviet space research was the creation and launching into
orbit of the station “Salyut"-.a multiple-purposs orbital scientific station
capabia of solving a broad range of tasks in the near-earth out'sr space., The
creation of the station and its preparation for launching to a graat extent

was promoted by the experience of deval and testing the manned -
- crafts in the series "Soyuz." opine " ) spase

During the flight of the long-temm orbital scientific station "Salyut" two
main problems remained to be golved: study of the possibility of man's

lengthy stay in space, and the conducting of a broad program of scientific
experiments,
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A large program of medical and blological cipariments with the participation
of the crew membars of the staticm was envicaged to solve the first of these
problems. A set of meacuves vas developsd to guarantae the comprehensive
physical training of the cosmonauts in space, aince tha physical load makes it
possible to a certain degree to compancate for ths absance of gravitatiomal
forces when man spends a long time in weightleseness, and creatas the condi-
tions for accelerated readaptation of the organiem aftar return to the earth.

In order to solve ths second problom it was necessary to place in the modules
of the atation a large mmber of scisntific instruments whose total weight
exceeded 1,200 kg.

In the planning of the station it was also kept in mind that the fulfillment
of a saturated program of scientific and tachnical experiments and tests of
the on-board systems and aggregates under complax conditions of a lengthy
spaceflight will provide the first experience of operating space apparatus of
a new type--manned orbital stations.

The developers of the station "Salyut™ were faced with the problem of creating
a scientific laboratory exiating for a long time in space with changeable
crews. The use of spacecrafts in tha seriss "Soyuz" was envisaged for the
daiivery and return of crews, and the transporting of individual components
of equipment, objects and results of research.

In the creation of "Salyut" it was planned to conduct sciantific studies on
it while manned when the transport craft docks with the orbital
block of tha station and the crew is located in ite compartments, as well as
during the flight of the orbital block of the station in an automatic mode
without a crew,

According to the plan a portion of the observation vesults conducted om the
station must be tiransmitted to earth by a radiotelemetric system, while it
was provided that another portion be daclivered in a transport spacecraft.

Thus the possibility was guaranteed for transporting from orbit to earth used
photo and movie materials, photo emulsion blocks, containers with biological
objects, on-board logs with sciantific observations of the cosmonauts. In
tha complex of thes orbital station created for nesr-earth orbit of 7 June 1971
wei'a included: the oxbital block put into orbit without a crew, and the
transport craft with crew to be docked on orbit with the orbitsl block. The
fii:st crew included commander G. T. Dobrovol®skiy, flight engineer V. N.
Volkov, and testing engineer V, I. Patsayev who worked on the station for

23 days.

The total waight of the station after docking was 25.6 T, including the weight
of tha orbital block after it was put {ito orbit--18.9 T, and the weight of
the transport craft in orbit--6.7 T. There were over 1,300 individual
instruments and aggregates on board the station. The geometric characteristics
of the station: total length in “he dockel condition 23 m, lemgth of the
orbital blocks 16 m, maximum diamater of the orbital block 4.15 m, maximum
cross dimension of the station with open solar batteries lim. In order to

6
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fulfill scientific experimonts, visual cbservatiom, and photo and movie photo-
graphy there were 27 illuminators in the modules of the station.

In order to transfer the crew from the transport craft to the orbital block
and back there is a docking junction, After docking the crew can work and

rest both in the modules of the station, and in the arees of the transport

craft, by transferring directly through the docking unit  without going

out into outer space.

- On the station "Salyut" for the first time the possibility was provided of

_ repairing and replacing apparatus and equipment in flight by the crew. The
Placexent and layout of equirment and instruments were made with regard for
the possibility of access to them in the case of any damages or wmalfunctione.
On board the staticn there is a set of tools, attachments and cortain spare
parts.,

- The results of the scientific and technical studies fulfilled on the station
"Salyut” are very extensive. A prominent place in thea is occupied by

modical and biological studies, astrophysical studies, as well as a compre-
hensive photographic experiment which belongs to cne of the mcst urgent direc-
tions of the applied use of astronsutics--study of the enviromment and natural
rasources of Earth. The findings graphically indicate the high efficiency

of space photography for solving many sciantific and national economic problans,

Of great importance are: the first experiment in extra-atmospheric astronom-
ical studies with the holp of a stellar telescope controlled by the cosmonauts
"Orion," study of cosmic rays using a photo-emulsion block then sent to Farth
in a transport craft, and a numbar of scientific and technical experiments to
_ work out under full-scale conditions systoms and aggregates necessary for
- designing space apparatus.

- The espacial role of madical and biological studies conducted on board "Salyut"
is determined by the principle importance for the development of astronautics
of guaranteeing man's lengthy stay undar conditions of a space flight, Om

the station for the first time a set of resources was tested to coupansate

for the shortags of physical load on the organisa of the astronauts under
conditions of zero gravity that included a running track, load suits, and
certain other components. The biological experiments executed by the astro-
naute ware directed towards solving a number of questions linked to the
creation of closed ecological systams of life support foxr spacecraft of the
future.

The first flight of the station “Salyut" made a great contribution to the

development and perfection of space technology, was the first experiment in

world astronautics to create long-term orbital stations, and graphically

- showed their great potentialities as multiple-purposa space laboratories
capable of providing the solution to many urgent problems in the interests

- of mankind.

- ?
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In December 1974 the station “Salyut-4" was pat lato orbit, On the 268th
orbit after 2 weeks of flight of the station it docked with “Soyuz-17," and
cosnonauts A. A, Gubarev and G, M. Grachko switched to the station. For a
month of the flight the crew fulfilled a large volume of studies and experi-
ments. Upon completion of the work tho cosmenauts transferred to & pattern
of conservation certain scientific instruments and a number of the service
systems, including the system of lifa support, The station again bagan to
operate autonomously, Throe and a half months passed thus. Then the second
crew--P, I, Klimuk and V. I. Savast'yanov worked aboard tho station for more
than 2 months. During the entire time the systems of the station functioned
flawlessly, and studies wera conductod according to the assigned program. A
considerable volume of scientific ramearch was carried out. This includes
fulfillment of madical and biological, tachnical, as wall as a large complex
of space-physical experiments designed to solve many questions of astrophysics,
solar-terrestdal bonds, geophysics, and reseaxrch of the earth's natural
resources.

The expediency of the realizatioa of certain space studies on tha orbital
station "Salyut-4" was comprehensively discussed by tha scientists. Here both
the importance and the significance of the experiment were considered, as
well as the possibility of its relisbie instrument analysis.

Over 100 differsnt experiments were selected, and they all are of great impor-
tance for differert £islds of scienca, tachnology, and the national economy.
“Salyut,” in particular--an excellently equipped astrononical observatory,
equipped with apparatus, capable of perceiving almost the entire spectrum of
electromagnetic emissions, Considerable attention was focused on an investi-
gation of the ultraviolet solar radiation with the help of an orbital solar
telescope and defraction spectrometer, and ths conducting of astronomical
observations in the x-ray region of the spectrum. Dozens ofi solar spectra
wore obtained mainly from regions of flares on our star. The findings make
it possible to investigate the distribution of temperatures, condition of
ionization and excitation of atows, and other physical characteristics of
these important and interesting formations on the solar surface. The cosmo-
nauts were assisted by scientists of the ground astronomical observatories.
They made recommendations on the selection of objects of observationm, and
the operating pattern of tha on-board apparatus.

Studies of x-ray astronomy aboard the station "Salyut-4" were carried out
with the halp of two x-ray talescopes--"Filin" and "RT-4."

wF{lin" was designed to study x-ray radiation in the region of wavelengths
from 1 to approximately 60 X. It was recorded by four detectors. The
telescope had a spectrometer with ¢ight energy chanmels to analyze the
recordable radiation. The sensitivity of tha tslescope reached roughly 0,01
quantum per 1 cn2/s, i.e., practically was sufficient to investigate all the
known sources of x-ray radiation.

The attachment of the optical axis of the telescope to the stallar sky was
provided by two stellar photomsters that recoxded radiation of the stars in
the blue and yellow regions of the apactrum.

8
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Of supscial value was information received from the x-ray source in the

constellstion Cygnus. This source 1s located in a binary system consisting

of a massive normal star and an object invisible in optic rays, whose mass is
- clote to 10 masses of the sun. Possibly this {s a "black hole." 1Ita full
energetics 1a indicated by that fact that the luminosity of this x-ray source
is 10,000 times higher than that of the sun.

The experimental study of such objects emriches cur knowledge about the ev-

lution of stars and the fundsmental properties of space and time--the mai.

lavs of nature. In the environs of the "black holes" the physical conditions

: are 50 unusual that completely new phenomena can be found that are not repro-
duced under terrectrial ccaditions. The task of experiments with "RT-4"
included study of emissions in the soft x-ray region. The fact is that soft
radiation is strongly absorbed by the film of the input opening of the meter.
However therc is another way--collect x-ray radiation by special optics and
direct it to a small meter of photons. The collecting optics can be very
extanded parabolical mirrors. They ure also an excellent filter that does
not transait the hard x-ray radiation.

Cosnonauts A, A. Gubarev and G. M, Grechko obserrod two residues of "super-
novas": one in the constellation Vela, the other--in the constellation Carina,
The brightest of the normal stars was also observed. P. I. Xlimuk and V. I.
Sevast'yanov focused primary attention on stars that ware less bright, but
possessed a number of specific features, in particular irregularly flashing
stars.

During the experiment the list of objects of observations was altered based
on data of the ground observatories about the activity of the stars. In addi-
tion, in the process of analyzing the collected information sometimes it
became necessary to obtain certain additfonal data, and to recheck the results
of previous observations. Then the cosmonauts were given a corrected assign-
ment,

For the rough direction of the telescope axis on the studied source the crew
first oriented the station in space, and then maintained the assigned orien-
tation for the entire session of observatious. For the further fine adjust-
ment the telescope itself was equipped with a special systea of control and
astro-orientation.

Auong the geophysica! studies fulfilled on "Salyut-4," one should primarily
name the experimant ''Spektr" and "Eaissiya."

The task of "Spektr" included measurement of the paramsters for the upper
atmosphere--density, composition, temperature, and investigation of the inter-
action of the enviromment with the spacecraft.

During the flight of the spacecraftsthe appsarance on their housing of a
potential relative to the plasma surrounding it was noted mmerous times--
the apparatus seemingly was electrically charged. In order to interpret the
measurements wade on the satellite, and for the normal functioning of the
on-board systems it is very important to know the amount of this potential.
The positively (or negetively) charged housing will repulse (or attract) ions
and, consequently, underestimate (or overestimate) the measured ion
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concentrations. Having established the laws governing the appocarance and the
amount of ths potential it is easy te consider errors imtroduced by them into
measurements, and provide high effici«acy of certain on-board systems,

One of the tasks of the space studies--to explain the features of interaction
of particles in rarefied atmosphers with the satellites. The surface of the
station "Salyut-4," for exssple, was continuously bombaided by such particles,
An {ndividual impact accompanied by a rebound (reflection) of the atom ox
molecule camnot provide perceptible rosults, but continuovs impacts result in
the deceleration of spacecraft by the rarefied atmosphere.

In sone cases this decelerst.on limits the time of existance of the apparatus
in orbit, requiring considerable outlsys of energy to compensate for its effect.
In other cases--it proves useful and is usad to return the long-range space
probes to earth, and during their landing on the planat. It {s clear that for
a precise calculation of deceleration . it 1s important to have a good know-
ledge of the laws governing such collisions of the particles with the surface
of the apparatus. Tbis is especially important in the development of rocket-
space systems for multiple use.

The numerous attempts to study in the laboratory the effect of rarefied atmo.
sphere on the movement of a satellite (in the same way as airplane models are
tested in aerodynamic tunnsls) encountered insumaountable difficulties. The
primary one is linked to the need to create streams with velocities reaching
30,000 km/h and over. Another is governed by the sharp difference in the
composition of the upper atmosphere from the surface atmosphere and its varia-
bility. It remained to move the studies to the actual spacecraft in order to
investigate the process of neutral particles hitting its shell.

The experiment consisted of forming beams of atmospheric particles, directing
then at different angles at the target, and measuring the characteristics of
the stream reflected from 1t.

The apparatus used to fulfill tho experiment consisted of two subsystems:

to analyze particles of the approach stream and those scattering after impact
with the target. These included analyzers, electron blocks, and aspecial
alectromechanical device that guaranteed msasurement of the spatial distri-
bution of the particles flying off from the target. The energy of the par-
ticles in the undisturbed atmosphere was meesured by an immobile analyzer,
vhose longitudinal axis coincided with the direction of movement of the
station. Here ths method of changing the inhibiting stress on the network
of the analyzer was used.

The rangs of possible energies was divided into a number of sectioms. The
streams of particles were measured successively in each of them. These data
made it possible to determine the specirum of energies of particles im the
approach stream. The work was conducted alternately first with ions, then
with neutral particles (preliminarily ionized in the analyzer). Thus, the
main physical characteristics of the ion and neutral components of the
atmosphere were measured independently, and it became possible to reliably
determine the amount and changes both {n the temperature of these components
and in the potential of the craft in relation to the surrounding icnospheric

plasaa.
10
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The features of the experiment "Spektr" also include the fact that it pernitted
a practically aimultaneous investigation by one instrument of the character-
istics of the neutral and ion components of tha atmosphere. The high rate
(cace in one second) of measurements made it possible to find mmall-scale
nonuniformities in the structure of the atmosphere. Langthy continuous measure-
ments created the prerequisites for finding large-scale nomuniformities. And
the studies with reflected particles in general were set up for the first time,
The experiment "Spektr! brought new information which previously was inacces-
sible to the researchars,

The experiment "Emissiya" was also linked to an investigation of tbe upper
atmospheric layers, primarily the planetary distribution of thair temperature
and its changes during a magnetic storm.

It is most convenient to judge the temperature of a gas from the width of its
spectral lines, linked to the velocities of the emitted atoms. In order to
measure the temperaturs of the upper atmosphers it proved most convenient to
use the red line of atomic oxygen. The intensity of its luminescence over

the surface of the planet is nonuniform. It {s stronger in the polar regions,
but individual bright spots appear also at lower latitudes, especially in the
zone of increased concentration of electrons near the equator. The luminescence
of the red line is intensified during maguetic storms. According to its intan-
sity one can trace how after a magnetic storm from the polar latitudes to the
equator wavy oscillations in the upper atmosphere are spread, which encampass
thousands of kilometers.

Of great importance is the location of the bands for intensification in the
ragion of the equatorial ionospheric anomaly, which has a strong effect on
the spread of radio waves, and on radio communication between the Northern and
Southern Hemispheres. It ie important to know how the temperature and inten-
sity of luminescence in the upper atmosphers are distributed in order to
control mannaed spacecrafts.

The intensity and width of the red line have boan mzasured from the earth's
surface for many years. Optic observatioas from satellites have noticeably
expanded their range. Before the flight of the station "Salyut-4" science
had data on the planetary distribution of temperature in the upper atmosphere
and its changes during magnetic storms in the period of maximusx solar activity.
In the period of the minimum, i.s., when tha station "Salyut-4* was flying
the atmosphore was considerably colder and its heating during magnetic storms
occurred under different conditions. This is why it was important to
continue such measurements in order to revicl the scopa of oscillations in
the distribution of temperature in the upper atmosphers with a relatively
weak influx of energy from the sun. For this reason the experiment "Emissiya"
wag set up.

The measuring apparatus consisted of a photoelectric photometer to determine
the intensity of the red line and an interferometer with spherical quartz
plates measuring its width, Multiple-layer dielectric coatings were applied
to the plates. One of them was {mmobile, the other was fastened to a plezo-
alectric cerwmic to which an alternating voltage was fed that altered the
distance between tha plates. Here the wavelength vas altered of the light
transaitted by the interferometer, which permitted recording of the coutours
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of the line and a determination of its width, Before ths start of the measure-
. ments the cosmonauts installed the instrument on an illuminator ard aimed it
at an emitting layer.

The fine experimental tschnique proposed a thorough adjustment and verification
of the characteristics of the interfercmeter. The adjustment of this appa-
ratus from the earth was carried out with the help of o lafex. In flight in
order to control the tuning there was an on-board optic standard that emitted
l1ines with assigned characteristics. The verification of the apparatus with
the help of this standard, as woll as aiming of the instrument towards the
region of luminescence, espscially during magnetic storms, required the parti-
cipation of the cosaomants.,

The crew of the orbital station "Salyut-4" was also faced with the problem of
observimg and photographing the earth's surface and ocean in the interests of
science and the national economy, As a result a large mumber of black and
white, color and spectroxonal photographs with varying resolution were sent
to earth, The photography encompussed many millions of squars kilometers of
different regions of our country.

The flight of the station "Salyut-4" once again showad with all convincingness
the promising nature of the main path for the avolution of astronautics--the
creation of orbital stutions which have not only enormous scientific but also

- ever greater practical importance, by promoting the solutiom of the most
inportant economical, ecological and other tasks facing mankind.

At first glance it can seem strange that in the age of highly dsveloped tech-
nology, automatics and remote control that a man should be on board a space-
craft, especially since automatic machines have demonstrated their merits fairly
convincingly and often also advantages. It is no secret that an investigation
of outer space is linknd to a great outlay of resourcez, And in this respect
the sutomatic apparatus are cousiderably more suitable, aspecially for studying
the moon and planets in the solar system. Saturated with diverse scientific

- apparatus they make it possible to obtain, and then to tranmmit to earth on
radio telemetric and television channols a large volume of information about
thase regions and the physical processes occurring there. In our country
automatic apparatus of the returnable type have been created which are capable
of delivering results of measurements to earth for their subsequent processing.

When the payload of the space objects include the weight not only of man him-
self, but of all the life-support systems, the framework of the scientific
progrem is inevitably comstricted, and the quantity of strictly research
instruments is limited. Considerations for a random danger awaiting man in
space are always added to thess discussioms.

- Howaver all of this atill does not mea:: that one can generally do without man
in space flights,

The main task linked to penetration into space, at least in the near future,

consists of an ever desper knowledge of the world surrounding us. Even now

outer space has been converted into ar important laboratory of moderm science,

where one can mske detailed studies of differenmt processes and phenomena,

including thoss not yet known to scientists. But this means that as space is
12
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penstrated the researchars inevitably will face more often problems which were
not formulated previously, and therefore in order to solve them & basically

new approach is required every time, In this respect man possesses unique
potentialities,

One should not forget also about the subconscious activity of the buman brain,
about intuition which lies beyond the potentialities of cybernetic machines.
For both the subconscicus and intuitjon play an extremely important role in

- the process of the scientific study of nature. Only man can effectively
study the unknown, He possesses the unique capabil{ties of not only observing,
but also accumulating and analyzing the obtained informatiom, storing it in
bis memory and using it for the rapid making of a correct decisicn in unfore-
seea circumstances. There is no machine made by human hands that is capable
yet of doing this.,

The modern automatic machines cannot study that which basically cannot be
reduced to an already obteined knowledge. They are capable of studying only
such processes and phenomena that are already familiar to man in their main
features. It is true that recently the scientists have carried out extensive
work on tho creation of so-called heuristic programs for electronic computers.
Detailed programs are being developed on the basis of a generalization of the
rassarch activity of people. In the ideal machine, squipped with a heuristic
program the process of scientific research in a cortain field must be imple-
mented independently. Howaver the real potentialities of such progress are
still comparatively small.

We will return to specific examples, Take, for example, the problem of
studying rolar flares that plays a primary role in the prediction of radia-
tion safety of space flights, Now these studies are carried out with the
help of automatic instruments. Usually the automatic machine {s guided
according to the optic center of the flare, which often has a very fantastic
and indefinite shape, and can fall from the field of vision of the instrument.
Sometimes in different regions of the sun simultaneocusly two-three flares
develop, The automatic machine records something averaged, and the infor-
mation will be inaccurate. The cosmonaut on the basis of personal experience
and creative initiative can meke an operational change in the program of
studies, and provide a considerably more complete picture of the optic obser-
vation, determine the section of genaration of the flars, study the conca-
mitant phenomena, and so forth.

One should also note the especial role of the cosmonaut-scisntist in studying

_ short-term irregular processes in space. When only automatic machines observe
them many data can be lost among the long-ters information. The specialist
not only focuses attentionm on them, but also cacches the concomitant pheno-
mena {n the complex of studies.

Even the normal visual observations from space have exceptional sxits. The
workers of agriculture, f¢ - exsmple, &.e interested in the condition of the
soil in the preplanting period, its moistura content, temperature--and aill

of this on giant territoriss. Sailors are interested in the conditiom of

the ocean surface, its wave action, and fishermen--in the presence of fish

in a certain region. At the same time the information must be rapid, especi-
ally if this concerns data on different elementary phanomena, Asd in this
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respect the presence of a specialist aboard the craft is invaluabla. Not
only will he instantly evaluate the gituation, but also make qualified conclu-
sions on the development of a certain metaoxological procass, will give a
storm warning, and so forth.

The cosmonaut-scientist can make rapid changes in the program of studies from

- the viewpoint of selecting studiesd objects. By using diverso and fairly
complex apparatus he provides a considerably fuller ptcture of the optic obser-
vation., We will give such an example from the field of mateorology in order
to explain.

One of the fundamental problems facing sciance--ensrgetics of the earth, i.s.,
the influx and expenditure of heat of our planet. The scientists are inter-
ested in how much eolar radiation is absorbed in different regions of tha
earth, how it 1s distributed over the earth's surface, and how much enargy
the earth gives off into space.

This 1s that information that meteorology axtremely needs, since praecisely the
- influx and expenditure of enexgy determine the changes in weather and climate
over the entire globe., The main barrier to heat emission--the cloud cover of
the planet. Therefors it is necessary to make a thorough investigation of the
optic properties of its different forms. Daily the satellites in the system
“Mateor' supply us with an enormous quantity of information in the form of
television and the infrared images of the cloud cover. However not all the
forms of clouds can be clearly recordsd on these photographs. Thus, cirrus
are almost not noticed on them, and silver clouds are not recorded at all.
This problem is only in the realm of a qualified observer on board a space-
craft,

Studies of recent years hava shown that asrosols have a eignificant effect on
weather and ciimats, these are the smallest particles both of terrestrial, and
space origin that are flying in the atmosphere. One of the most promising
methods of determining the spatial distribution of asrosol in altitude, as
well as its optic characteristics--observation and analysis of the crspuscular
aureole of the atmosphsre., The solution of such a task with the help of auto-
matic machines i{s still difficult. Here man is also needed.

The presence on board a spacecraft of a cosmomaut is important for meteorolo-
gists for yet another reason, Currently scientists have come to such a stage

- of development of studying processes determining weather and climate on earth
viiexe one can with the help of measurements made from satellites determine
the quantitative meteorological paramaters of the atmosphere. Such para-
meters in the first place are temperature and air humidity. One should nota
that a quantitative prediction--the most precise, and consequently, the most
promising. With the help of slectronic computers one can predict how the

_ atmosphere will be changed with these atarting data. It is natural that
measuremants from satellites here have an indirect nature, since they fly at
an altitude of several hundreds of kilometers. We are interested in the
layer of atmosphere that is only about 30 km thick, whers the weather is
“cooked." The situation is analogous to that existing in astrophysics. All
that we know about the sun and stars has been obtasined from data of studying
their emissions. Due to the advances in rocket and space technology it has
become possible to 1ift research apparatus into space. By measuring there
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the eaissions from earth in differeant regions of the spectrum the scientints
find, in particular, the paramaters they are interested in.

Of course this is a very complex task. For example different distributions of
temperature and altitude can correspond to one amount of radiation. And oven
suall errors in the measured smount result in laxge errors in the final rasults.
Therefore im order to cbtain such experimental data it is necessary to have
very complex apparatus, that can bes controlled by a skilled specialist on

board a spacecraft.

Regardless of where the studies will be carried out--on manned craft or on
automat’: stetions, it is necessary to create specialized scientific appa-
ratus., At the first stage of exploring and developing techniques for resesrch
tha direct participation of cosmonaut-scientists would produce a great effect.
The specialist on board a spacecraft will make a complete and detailed snalysis
of the observed phenomenon, will reveal the objects and processes which are

of greatest interest for the study, will generalize the readings of the instru-
ments, will change, if required, the program of measurements, and will continue
the experiment in the necessary direction. Ths scientists can select the
optimal apparatus necessary for man in the finsl analysis to conduct datailed
studies, and the pattern of its operatiomn.

As we ses the active participation of man in studying outer spsace is necessary.
Therefore the steps undertaken im our country for the laying of more certain
and reliable paths for man's penstration into space ars coaplately natural.

[ep 97-182]
Chapter 7 - Some Results of Space Research

It is known that the cost of space flights is fairly high., However the out-
lays for the development of space are not sensaless., Successes in its devel-
opment have promoted a sharp rise in a mmber of fields of science and tech-
nology: biology and medicine, astronomy and serodynamics, radio engineering
and automatics, gas dynsmics and electronics.

The programs for the flights for the majority of Soviet satellites are closely
linked to the solution of a number of national econcmic probleas--investi-
gation of the atmosphere and earth's magnetic field, establichment of commu-
nication through space, navigation with the halp of satellites, exploration
of minerals, and so forth.

What doss study of space give man?

Cosmic Rays

The earth 13 subject to the continuous action of a continual stresm of charxged
space particles, whose velocity of movement is close to the speeds of light,

Our ideas on the nature and properties of cosmic rays are becoming more and
more camplete,
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The first information on cosmic rays balongs to 1912 when the Austrian Hess,
while conducting aexperiments on a balloon advanced the hypothesis that radi-

- ation of very great penetrating ability falls on the border of thu atmosphere
from the world of spaca. Heas*' hypotiuasis was supported ten years latexr by
Millikan who called the hitherto unknown rays cosmic. According to Millikan's
hypothesis cosmic rays develop by means of energy relessed during the synthesis
of heavy elements from primordial hydrogen distributed in the universe, and
these--photons of enormous energy that possass great penetrability.

The experiments of Bote and Kol'yerster resulted in the hypothesis thut primary
cosnic radiation consiste not of photons, but rather of charged particles.

Here the interaction of cosmic rays with the substance results in complex pro~-
csses within the substance, as a result of which many secondary particles are
formed., The discovery by Auderson of tha positron was a considerable advance
in this direction. In the opinion of Dirac this particle could not previously
be found as a conssquence of its vary short life,

When a positron weets an clectrom both the particles are annihilsted, their
mass is transferred into energy which is emitted in the form of photons,

Carlson and Oppenhaim almcst simultaneously explained the nature of showers

of cosmic rays. According to their theory the development of a shower occurs

by means of the birth of pairs by photons and emission by photons by alectrons

during braking in a field of nuclei. These processas occur near the atomic

nucleus, without producing changae in its structure. In each alementary act

= only two particles develop, and although the shower-foxming radiation comsists
of electrona and photons, the particles that possess great panetrability can-
not be considered electrons., Neddermeisr proposed that these are new par-
ticles with a single charge and mass greater tham the mass of a normal free
alectron, but considarably smaller than the mass of a proton (consequently
they were called |-mesons ),

The most important stage in the investigation of the mew world of particles
began in 1947 with the discovery of the w-mason which proved to be parental
in relation to the previously known |~meson. In the destruction of the
w-meson, in addition to {-weson another neutral particle is born. The mass
of the latter is much smaller than the mass of the elactron. There are two
such neutral particles with practically zero mass--ths photon and the nsutrino,
It is extremaly complicated to find tha neutrino, since it interascts with
substances very weakly; the photoms are recorded according to the secondary

q electrons emitted by tham in the process of formation of pairs. After not
finding photons among tha products of |-meson breakdown thes phygicists drew
the conclusion; the nautral particle with zero msss aumitted during the break-
down of T-mesons is the neutrino.

In the same year Oppenheim advanced a hypothesis that subsequemtly proved
correct: the zeutral mesons can be rapidly broken down into photons that
arae included in the composition of cosmic rays observed in the atmosphere.

The new experiments showad that the cosmic particles that interact the most

- strongly in the atmosphere are protons, neutrons and W-mesons that did not
succead in breaking down into | -mesona,
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The number of protons, neutrons and "-mesons rapidly increases with alticude,
therefore in order to study nuclear interactions attowpts were made to conduct
oxperimants as high as possible. Apparatus of sounding balloons was perfected,
that trailed for days the air ocean at altitudes up to 30 km. Here the romark-
able diversity in the previously unknown short-lived "elementary”" particles

= was explained. In 1953 they were divided into two groups that received the

: nase of heavy mesons and hyperons, wheraby both could be neutral, as well as
charged. Heavy mesons are lighter than protons, but heavier than T-mesms ;

- hyparons arc heavier than protons,

In the 1950's, as if summing up the main landmarks in the evolution of the

physics of cosaic rays a single pattern of all phenomana linked to these Tays
began to ba formed. -

Now it could be fairly confidently stated that a number of the hypothes es -
listed above were exrronecus. At the same time many conclusions were confirmed:

these were the presence in the composition of cosmic rays in the atmosphare

of electrons and protons of greet ensrgy, the assertion in relation to the

birth of mes ons in the atmosphere, and the existence of differant types of

mesons,

The launching of artificial earth satellites opened unique potentialities for
the setting up of basically new experiments in outer space. It becams pos-
sible to go beyond the limits of the atmosphere, and then also beyond the
limits of the actiom of the earth's magnetic field, and to investigate the
primary cosaic radiation directly.

As was already stated, in outer space there are particles of practically any
energy. The basis of the primary cosmic rays is protoms, electrons, and in
smaller quantities--nuclei of atoms of different chemical elements. According

= to the modern idea the trajectories of these particles, in approaching the
earth, are bent by the earth's magnatic field. When they collide with nuclei
of atoms of atmospheric gases breakdown of both the "missile” and the “target"
occurs. Protons and neutxons with high energy are found in the deccmposition
products, which in turn interact with other nuclei in the atmosphere. A
portion of the energy of the primsry particle goes for the formation of new
short lived particles, such as i-meson s snd heavy mesms.

An investigation of the iaterplanetary field with the help of spacecraft made

it possible to reveal a mnber of new phenomens, amd radically review the

ideas on the processes occurring in the enviroma of BEarth, Observaticas

from satellites showed that the intensity of the low-energy portion of cosaic
radiation is not constant in time and is linked to tha activity of the sun.

Thus, in the period of the grandiose flare on the sun which occurred om 23 -
February 1956 the intensity of cosaic rays rose roughly in 20 minutes 25-50-

fold as compared to the nomal level. It is assumed that this phencmenon was -
governed by a stream of high-enexgy solar cosmic rays--particles, primarily

protons, ewitted by the sun during the flare.

Further studies of these rays have the goal of explaining the mechanisas of

their generation on the sun, conditions of sprasd in the interplanetary space, -
and emergence from the solar systea.
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Energy Spectrum of Primary Cosmic Rays
Along the vertical--numbar of particles per 1 em2 per unit (1 rad) of eolid
angle in 1 s, along horizontal--enexgy in eV

Considerably more often, almost monthly, there are less powerful flares of

- commic rays vith energies 100-500 MeV. However the magnotic field of Earth
deviates the particles with such energy, moreover they are strongly absorbed
in the earth's atmosphare; to record them it is necessary to carry measuring
apparatus to great altitudes with the help of balloons and satellites,
Precisely the satellite apparatus made it possible to record solar cosaic rays
of the lowest energy--up to 1 MeV. Hers to a considerable measure the charge
composition, and energy spectrum and nature of spread of thase rays in space
were successfully explained.

Besides the light, heat and cosmic rays the sun contizously emits stresms of
hydrogen plasma--solar wind. This stream of ionized gas of low density is
the outer portion of the solar corona that has a fairly high kinetic temper-
ature, Escape of plasma neaxr the sun occurs comparatively slowly (with velo-
cities 10-20 km/s), but the farther from the sun the velocity rises 20-70-
fold.

The stresm of plasma qualitatively differs froa the stream of chargsd indi-
vidual particles, since im it the key role is playsd by forces of electro-
static interaction betwsen ions and electrons. The plasma is characterized
by the fact that the energy of the electrostatic imteraction of the charged
particles comprising it is greater than the energy of the thermal movement.
Despite the small concentration of particles ia solar wind the electrical
field binds them. The magnetic field also affects the behavior of particles
in plasma.

The high electrical conductivity of plasma resilts in a strong bond of the
field with the medium, as a consequence of which the magnetic field can be
viewed as if "frozen into" the plasma. The solar wind seizes the magnetic
field of the sun, extending it along the dirvectiocn of its movement. The
xotation of the sun gives the force lines of the magnetic field the shape of
Archimedes® spiral., 18
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There are a number of hypothases on the origin of galactic cosmic rays.
Cartain scisntists hypothesire that millions of years ago in tha center of the
galaxy an explosion occurred of enomous strength, Its enexrgy was scattered
in the form of different emissions--visible light, radio waves, particles. A
portion of this energy was transmitted to cosmic rays. Within millions of
years the fastest of tha particles reachad Earth. Literally in recent years
it has been established that the age of the galactic cosmic rays does not
exceed 100 million yoars, while the latter explosion in the center of the
galaxy occurred no mors than 10 million years ago.

Other scientists assert that a large portion of the cosmic rays were born
during less powerful explosions of super nova stars, which in the ewvirons

of our solar system occurred in several hundred years. In the process of
explosion a quantity of energy was released equivalent, possibly, to the
energy contained in the entire mass of the sun. The particles formed as a
Tesult ave accelerated as a consequence of the electromagnatic processes simi-
lar to those that occur in solar flares.

The area occupied by the magnetic field of Earth is called the earth's magnet-
osphere. Its border in the magnetically calm tiuwe is located on the diurnal
side at a distance about 10 earth radii, and on the shaded side is removed

a distance three times greater. .
Three regions that differ in their properties are defined for the real geo-
magnetic fisld: internal, externsl and boundary.

- In the environs of Barth the magnetic field resembles an undisturbed dipole
field of a uniformly-magnetized sphere, The center of this dipole is shifted
roughly by 500 km towards the Eastern Hemisphere. The geomagnetic axis, in
addition, does not coincide with the axis of revolution of marth. The real
magnetic field differs fairly significantly from the strictly dipole, It is
characterized, in particular, by considerable local ancmaliec, whose effact
with altitude rapidly disappears. Here, as shown by measurements on tha auto-
matic stations "Luna" and satellites, it depends also on external factors.

Daily variations are found in the magnetic field, that develop mainly during

the day (solar variations). There are variations with period, equal to half

of a lunar day, and systematically changing with the phase of the moon (lunar
variations).

- There is the hypothesis that the solar-diurnal variations ave governed by
the electrical currents in the upper atmosphere that occur as a consequence
of its heating, while the lunar-diurnal are detemined by tidal movements.

The measurenents have shown that starting with a certain distance from the
center of Earth (6-9 of its radii) the magnetic field strongly differs from
- the field of the dipole, characterized by higher intensity.

The boundary area of the magnetosphere extends several eart.h radii and is

distinguished by a sharp drop in field intensity, fluctuations, and a gradual
transition to an interplanetary field. On the diurnal side a front of

19
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100040038-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000100040038-5

FOR OFFICTAL USE ONLY

standing impact waves is found that separates tha magnetosphere from the
undisturbed solar wind.

At great distances on the diurnal side the magnetic fiald of Earth is

squeezed out by a stream of plasma of solar wind, constricting the force lines
such that on the interface the pressurs of the stream is equalized with the
pressure of the magnetic field. The magnetic field of Earth on the nocturnal
side 1is subject to even greater distortions. It has been established that
starting with the distance of several tems of thousands of kilometers the
field of Earth gradually passes into a magnetic tail, that stretches far
beyond the limits of the moon,

The geomagnetic tail is divided by the plasma layer with small intensity of
the magnetic field.

Albedo and Atmosphere of Earth

The satellites render great assistance in studying the stream of radiation
emitting from Earth. The reflected and natural radiation of Earth are dis-:
Hinguished according to their spectral characteristics. The border between
them is wavelengths in the area 4 m, whereby ths area of larger wavelengths
encompasses the natural radiation of Earth.

Based on numerocus measurements it has currently been established that the

- amount of reflected solar radiation (albedo of Earth) avarages 35%. The
remaining 65% is absorbed by water and tha earth's surface, and is rveemitted
in the long-wave section of the spectrum.

- The reflacting ability of individual elements of the earth's rurface fluctu-

- ates in broad limite and depends on seasonal variations. Soils havae, for
example, albedo from 0,03 to 0.08, sand--from 0.25 to 0.4 in the greater
portion of the visible range, The albedo of freshly fallen snow--from 0.6
to 0,.9; the albedo of the whitest clouds--up to 0.8 in the visible section
of the spectrum, while beyond its limits dus to the absorption by water and
vapors it is reduced to 0.5 at wavelength 2.5 ym. It is characteristic that
the amounts named here of the albedo have an approximats nature, since they
significantly depend, for example, on the amount of the angle of incidence

- of the fncoming radiatiomn.

From the general mean calculated amount of albedo of the earth roughly 70%
is governed by reflection of the cloud cover usually covering half of the
earth's surface,

The reflecting ability of the aqueous surface significantly depends on the
- altitude of the sun.

The complexity of the problem of measuring tha earth's albedo consists of the
fact that the thermal radiation perceived by the space apparatus is omly

partially linked directly to the earth's surface and clouds. Carbon dioxide
and water have strong absorption bands in that range of wavelengths in which
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Radiation Reflacted by Earth

Alo:ig vertical--spectral intensity, W x cm"2 um-l, along hor{zontal--wavelength

- in H

.

Key:

l. Solar spectrum 2, Spectrum of reflection of Earth with sky covered

vith clouds
3. With cloudless sky

4o

Theoretical Reflacting Ability of Aqueous Surface in Calm State (1), with
Light Wind (2), with Wind about 5 m x 8-1 (3), with Strong Wind (4)

Along vertical--amount of albedo, along horizontal--altitude of sun in degrees
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the earth also emits, and thus, has a strong effact on this radiation. In the
area of the spectrum 8,3-12.5 im the earth's atmasphere has a window of trans-
parency, however also in this ranga a certain sbsorption of radiation by dust
and water vapor is noted.

The atmosphere is a gas shell surrounding the earth. In the life of wankind it
pleys an exceptional role. We breathe atmospheric air, the air ocean protects
us from the primary cosmic rays, x-ray and ultraviolet radiation of the sum,
and mateorites. From here it is understandable why the scientists are inter-
ested in the properties of the atmosphere.

In accordance with the nature of the change in air temperature with altitude
the atmosphere is divided into a numbar of layers or spheres: troposphere,
stratosphera, masosphere, themosphere, and exosphere which ara divided into
transitional layers, ’

The lowest sphere--the troposphere, and its upper border fluctuates about 11
km, Tha densest air is in the troposphere--it has 907% of the entire mass of
the atmosphere. Here phencmena occur which form the concept "wsather"
primarily formation of clouds and precipitation. The tropesphere is charac-
terized by a decrease in temperature with altitude--6.5° for each kilometer.
The stratosphexe is above. It stretchas roughly to 50 km. Although the
stratosphere contains less than 1% of the atmospheric mass, it is distinguished
by diversity of the physicochemical procasses and fulfills the role of a
natural protective screen. Precisely here the ultraviolet, x-ray and corpus-
cular radiation of the sun is absorbed, while the ionization of the upper
atmosphere by solar short-wave radiation makes lomg-range radio coumunicetion
possible.

The complex processes of thermal and mass sxchangs in the upper atmosphere
determine the dynamic nature of this medium and have an effect on the condi-
tion of the atmosphere at the earth's surface, and the formation of clinmate
and weather on earth,

Over a number of centuries science has accumulated data on pressure, temper-
ature, density and the gas content of the earth's air shell, But until
recently only a thin surface layer of air was accessible for its thorough
study. The area of research was somewhat expanded with the appearance of
airplanes and aerostats. Then in order to investigate the atmosphere pilot
balloons and radiosondes began to be used that tramsmitted over the radio
data from altitudes up to 30 km. By using indirect methods of research of
the upper atmosphere (study of the spread of acoustic waves from super
powerful explosions and observations of metaors) the scientists in the 1930's-
1940's explained the genersl laws governing changes in density, pressure,
tempersture with altitude and they obtained the f£irst spotty data on the
composition of the upper atmosphexe. The scientists came to the conclusion
that the atmospheric temperature continually is reduced up to altitudes 8-18
km, while above that it is maintained practically constant. On the whole it
was considered that the stratosphere is a layer that has comparatively little
movement .
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Soma of the ideas were altered even before the appearance of satellites. Thus
- in the stratosphere strong air curreats were found and peculiarities in the
: spraad of a sound wave from strong explosions., The waves were heard well
next to the site of the explosion, then a zone of silence occurs, and then a
zona of audibility., The natural reason for such a phencmenon, in the opinion
of he scientists, could be the increase in temperature of the atmosphere at
gre. altitudes,

The xesearch rockets and artificial earth satellites helped to answer this
and many other questions, Here the classic methods were used for measuring
parameters of the atmosphere (mancmetric, thermometric, and so forth)., The
vind was studied by discharging wetallized radar targets. A mass gpectrometer
was used to anslyze the atmosphere,

On high-altitude rockets che scientific apparatus was placed in an ejection
container-automatic machine that made it possible to make measurements of para-
maters in the unpolluted section of the atmosphere. In order to study the
composition of gas samples vwre taken in glass cylinders. Stabilized reference
containers also began to be used that guarantesd a constant orientation of

: the measuring instruments in relation to the incident stream,

Below 20 km, where lengthy existence of satellites is impossible, studies
are conducted sainly with the help of rockets. However they make it possible
to trace the dynamics of changes in the atmospheric paramsters mainly onmly
for altitude, since measurements of paremsters for time require leunching of
a great number of rockets in the course of one experiment.

At altitudes sbove 200 km measurements with the use of satellites that encom-
pass vith their orbits practically the entire planet are widely used,

The modern ideas about .he structure and variatioms in the parameters of the
neutral atmosphere at great altitudes are based mainly on data about the
svolution of satellite orbits, which has made it possible on the basis of
asrodynamic calculations to determine the braking force, and consequently,
atmospheric density.

We will dwell briefly on the results of research of the upper atmosphere
obtained in recent years with the help of satellites,

Tempersture of atmosphere. The mean amounts of atmospheric temperature for

the Northern Hemisphere at altitudes up to 300 km sre given in the figure,

It gives the limit deviations in temperature from the mean amount, It 4is

characteristic that in the range 30-50 km the temperature is increased, since

almost the entire ultraviolet section of solar radiation is absorbed raar the
_ upper border of the ozone layer corrasponding to these altitudes.

The total quantity of ozone in the atmosphere 1s insignificant; the thickness
of its layer relative to standard atmospheric conditiocns does not exceed
several millimaters. However the valus of ozona 1s enormous: it abosrbs the
ultraviolet radiation and thermal radistion emitted by Earth, preserving
organic life on our planet.
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Distribution of Temperature in Altitude (30-300 km) and Limit Deviations
from Mean Amount (-, +)

In ths mesosphere the temperature is reduced from zero to 90°, In the thermo-
sphere at altitudes above 90 km the temperature of the air continuously rises,
reaching at altitude 300-400 km 1,000°C, and continuing to rise with aititude
to 2,000-3,000°C. However, as a consequence of the strong rarefaction of
the air the physical concept of temperature of the enviromment here has a
nominal nature, characterizing only the velocity of molecular movement,

During the day the atmosphere is heated, but at night is cooled, therefore
there are diurnal variations in the temperature profile. The maximum and
ainimum of these variations occur at 04.00-06.00 and 14.00-16.00 local time.
For example, at altitudss above 200 ka the temperature is changed at night
from 600 to 1400, during the day--from 1200 to 2,500 K. Thus, the maximum
drop in tempsrature on the upper border of the thermosphere from the nocturnal
conditions in the minimum to the diumal in the maximum of solar activity

can reach 2,000°,

The seasonal varistions governsd by the radiation balance are noted up to
altitudes 60 ka, Above the pattern is altered the opposite--the winter temper-
atures are asbove the summer,

. Density of atmosphers. The density of the upper atmospheric layers is deter-
ained, as slready mentioned, by observations of the braking of satellites and
r change in the period of their rotation around Earth. On a mmber of satel-

lites instxuments have been installed to measure atmospheric pressure.

- It has been found that the atmospheric density is considerably higher than
propossd on the basis of theorstical calculations and previous experiments.
The nature of the distribution of mean density in the range of altitudes 30-
300 km, and the limit deviations from the mesn amount are presented in the

- figure., With altitude the density of the atmosphers drops, having significant
seasonal and diurnal variations. Thus the seasonal variations have maximum
valuas at altitudes 65-75 km, reaching 25% in the high latitudes and 15%-in
the middle. A decrease in variations of density at great altitudes, in the
opinion of scientists, is linked to the reverss course of temperature distur.
bancss which at altitudes over 60 km in summer are lower than in winter. The
studies conducted on the satellites in the series "Cosmos," showed that the
diurnal variations are obssrvad in broader limits. Thus at altiturfe 200 km
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deneity from night to day rises 1.8-fold, at lower altitudes--1,7-fold. The
diurnal variations have a regular nature, appearing more sharply at the lower

- latitudes with a reduction in solar activity, Annual and semiamnual variations
in density are noted that are linked to disturbances of E arth's magnetic field,
as wall as a 27-day periodic variation that is determined by the equatorial
period of solar rotation.

I4%

o ' ,; gt gt ey
geom=3 ,, -

Distribution of Atmospheric Density in Altitude (30-300 ka) and Limit Devia-
tions from Mean Amount (-, +)

Study of the atmosphere is important also from the viewpoint of investigating
its fon and molecular composition, and slectron concentration in the tono-
sphere. The latter makes it possible to reveal factors affecting the nature
of spread of radio wave systeas of long-range surface and space communication.

In order to determine the ion composition of the atmosphare mass spectrometers
axe used which with the help of an electrical or magnetic field separate the
ious according to masses.

A nunber of mass spectrometric analyses of the neutral composition of the
upper atmosphere conducted mainly at altitudes 100-200 kam with the help of
rockets confirmed the effect of the gravitational division of argon and molecu-
lar nitrogen in the atmosphere above 100-200 lm, and also permitted data to

_ be obtained on temperature and partial comcentration of molecular nitrogen
to altitudes 400 km.

Analyeis of the fon composition of the upper atmosphere made from measure-
ments back on the third Soviet satellite in the range of altitude 225-980 km
showed that in the daytime here positive fons of atmospheric oxygen dominate.
Pogitive ions were also recorded with mass mmber 14, which could be identi-
fied with ions of atomic nitrogen, positive ions of atomic isotope of oxygen
vith mass number 18, as well as positive ions of nitic oxide. Here it was
revealed that the fon composition of the upper atmosphere 1s significantly
altered depending on altitude. The parcentage content of heavy ‘ons of molec-
ular oxygen, nitric oxide and molecular oxygen drops with altitude, thereby
most intensively in the interval 225-270 km, and at altitudes above 400 kn
the content of fons of molecular oxygen is 1,000 times lower tham the ions
of atamic oxygen.
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With the help of the series of satellitec "Elektron" at altitudes 400-1,200 km
a large number of maes spectra were obtained for ions of hydrogen, nitrogen,
heliun and oxygen, ard considerable variations were also found in the ion
composition with gecgraphical latitude. It was revealed that tha ions of
helium in the temperate latitudas of the Northern Hemisphere in a pariod of
low solar activity are only a small component. This result altered the exis-
tence of the view on the structure of the external ionosphere of Larth,
according to which heliun fons at altitudes 1,000-2,000 km form a hypothetical
“heliosphera.". It was found that no such shell exists in the earth's iono-
sphere,

Study of the parameters of the uppor stmosphaore continues. Precise knowledge
of them has enormous practical importance. Thue, the distribution of density
over altitudes is considered in a calculation of optimal criteria for putting
boostar rockets and earth satellites into the caiculated orbits, in the crea-
tion of optic objects with systems of precision orientation, and in solving
problems of controlling flight in the upper atmospheric layers.

Astronomical Observatory

One of the most anciant sciences, astronomy, for a millenium could only pas-
sively study 1light coming from the planets and stars, and from it create its
ideas on the physical properties of the celestial bodies. Being on earth the
astronouists had to reconcile themselves with tha atmosphere that impaired
observations of the sky.

Radiation of celestial bodies penetrates the earth in two windows of trans-
parency: optic, stretching in the range of wavelengths from 0.3 to 1-2 um,
and radio window--from several millimeters to 10-30 m. The main spectrum of
cosmic radiations is absorbed by the atmosphere. Thus, ultraviolet radiation
18 absorbed by ozone at altitudes 30-70 km in the range 0.3-0.18 um, by molec-
ular oxygen at altitudes below 120 ka in the range 0,18-0.1 Um, and by atomic
oxygen and nitrogen at altitudes up to 200 km in a range less than 0.1 um.

Long-wave cosmic radio emission is roflected by ths ionosphere located also
a great distance from Rarth,

4 A significant obstacle {n astroncmical coservations through the atmosphere
is also its turbulance. Therefore the stars ara viewed in a telescope eye-
piece not in the form of u clear defraction disk, but in the form of blurred
spots; at the same time tha brightness of the image 1s reduced. Stars located
low above the horizon are observed espacially poorly through the thickness
of the atmosphers. The light 1s refracted in the atmosphere, and the spot
alternates with spectral bands.

For this reason linear resolution for ihn surface of the moon 18 1 km, for
the surface of Mars--150 km. Tha turbulence has an espacially strong effect
during the operation of telescopes with mirrors over 2-3 m in diameter, which
serves as an additional obstacle to the use of modarn giant talescopes.
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As air travel developed, possibilities appeared for lifting telescopes with the
- help of asrostats. From an altitude of 20 km clear photographs were made of

to astrosiomy by the use of satellites,

Even greater possibilities were presented

What requiremants are made of a telescope installed on a spacecraft? In prin-
ciple they do not differ from the requirements for the modern surface tele-

scopes.

In the centex of the mirror theorstically an angular resolution can

ba provided on the order 0.006" wvhich will make it possible to distinguish at

distance 500 kn objects with linear size 1 cm.
diameter of 2 cm mirrors can be made with resoiution 0.2".

However practically with the
With resolution

of a telescope 0.1" and with possibility of using long exposures one can

observe stars up to the 23rd stellar sirxe,

In future years orbital obger-

vatories may appear with an aperture of the primary mirror up to 3 m and
angilar resolution up to 0.01" in the ultraviolet region of tha spectrum.

Schenmatic Image of Small Astronomical Satellite

Key:
1.
2,
3.

4,

Antenna of telemetric system 5.
Solar elements 6.
Solar gage for system of

precise orientation 7.

Blocks of electronic equipment

Cylinder with gas for control jets
Jat for decelerating rotation and
controlling listing and velocity
Telescope

The satellites designed to carry out astronomical observations can have an
instrument compartment of the observatory equipped with a radio enginearing
system of automatic docking, mooring device and locked chamber permitting
approach and mooring of a manned spacecraft and access to it by cosmonauts.
The observatory can be docked to a manned orbital station.
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A draft space laboratory-satellite for medical and biological, geophysical
and astronomical studies 1s known from literature. On the satellite with a
crev of 4-6 people a telescope in particular can be installed.

In accordance with another such plan of space astronomical observatory the
crev is placed in a special nose capsule that sarves at the same time to save
the crew in case of an accident, After the satellite has gona into orbit the
fuel tank that 4s released from fuel is drained and £illed with compressed
air. The crew also moves here, using the tank as a workiug module.

Astronomical studies in space will, apparently, be conducted in different
ranges of wavelengths. However thegse will primarily be spectral and photo-
metric observations in the ultraviolct, infrared and submillimeter regions of
the spectrum. As recording alements of the telescope photomultipliers and
electron-optic transformers can be used, photomaterials and television trans-
mitters, It {s interesting that tha American orbital astronomical station
launched in 1968 into orbit with altitude 800 km and equipped with optic tele-
_ scopes with diameters up to 40 cm made it pogsible to obtain data in the ultra-
violet region of the spectrum about 10,000 stars. If the diameter of the
telescopa is increased to 3 m, the number of studied objects can rise to a
ﬂillimo

The objects of x-ray astronomy can be the thermal radiati on of plasma, the
reverse Compton effect of electrons om infrared photons, or synchrotron radi-
ation of relativistic electrons in magnetic fields. To study them proportional
gas-filled counters can be used with a window made of beryllium (thickness to
100 ym) or organic films--maylar, formvar, and polycarbonate (up to 10 um
thick). With the help of proportional counters one can detemine the stream
from a source, its spectrum, angular size and position. However as a conse-
quence of the weak resolution of these sources the spectrum is determined very
roughly. The angular position of a fairly bright source in combination with

a modulation collimator can be obtained with accuracy up to 10",

_ The already obtained results are promising. The satellite "Uhuru" (United
States) and the rockets launched to altitude up to 200 km with similar astro-
nomical apparatus found over 50 discrete x-ray sources, of which no more than
15 were identified with the known optic objects.

In order to conduct studies in the radio astronomical region of the spectrum
the opening in space of antennas whose diametar can reach several kilometers
presents definite technical complexity. One antenna can be taken into space,
while the other remains on earth. Although the resolution of such a radio
interferometer can be fairly high--up to 2 x 10-3 angular seconds, its cre-
ation is linked to great technical difficulties that include precise orien-
tation and precision synchronization of both antennas separated by thousands
of kilometers.
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Scheme of Space Radio Interferometer

Modern meteorology contains fou. large fields: climatology, synoptic
meteorology, asrology and aeronomy, Climatology studies a many-year pattern
of weather from individual regions of the earth, setting as its task the
deterninstion of the characteristics of normal weather conditions. Synoptic
meteorology studies the gemaral processes in the atmosphere that davelop on
large spaces, It develops methods of waather forecasting, Aerology and
asronomy study the upper layers of the atmospheia and the ionosphere.

Observations of changes in weather are made by the hydrometeorological services
of different countries that daily exchange information over the radio and tele-
graph that is accumulated with the help of a vast network of hydrometeorological
stations located on dry land, water and in the air, Only within the limite of
our country there ave over 4,000 such meteorological stations and 7,500 meteor-
ological posts, and hydrological observations ars carried out in 6,000 points.
Over 2,000 stations sound the atmosphere with radio waves, Information of
special airplanes and ships is used. And all of this enormous quantity of
information rapidly enters the USSR Rydrometeorological Center. The meteor-
ological stations during the day make several measurements of the velocity

and wind direction, temperature, air lmidity and many other parameters that
characterize the current condition of the atmosphere., By analyzing thea the
scientists composed synoptic maps and predict the weather. Many hours in
advance, and scmetimes even days the captains of ships are warned of approaching
storms, the workers of agriculture--sbout possible frosts and rains, and flyers--
about storm fronts, wind strength and visibility,

However, no matter how numerous the arsenal of meteorological statfons and how
rich the experience of many years of observation, no matter how advanced the
modern instruments, all of this 1s insufficient for a precise weather fore-
castir,. This is explained, first, by the fact that over 70% of the entire
surface of the earth is covered with oceans and seas, while a considerable
portion of the dry land is desert, mountains and polar regions, where it {s
difficult or even impossible to place stationary meteorological points.
Seecond, even with the extant stations it is very complicated to make obser-
vations, We are located at the very bottom of the air ocean, and therefore
know best of all what happens in the lower layers of the atmosphers with
thickness 30-40 km. The air curreats trap great spaces not only in the area,
but also in altitude, and observations of them at individual points do not
provide a complete and visble picture,
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Therefore many elementary phenomena ars so unexpected and sometimes tragic.
Thus i{n 1963 tha cyclone that came from the Pacific Ocean to the coast of

the Sea of Okhotsk produced umprecedented snowfalls that disrupted telegraph
and railroad communication; on the samo days in West Europe unexpected colds
resulted in the death of over 700 people, We will not soon forget the earth-
quakes in Tashkent and Chile, the floods in France and Yugoslavia that occurred
in the last decade,

Many misfortunes caused by the alements could be avoided if we knew in time the
development of elemental upheavals. To learn to forecast thase phenomena--is
the first task, and the second even more complicated task--to learn to control
the climate machanism. Then one will ba able "upon order' produce rains and
eliminate fogs, exclude droughts and £loods, cyclones and hurricanes.

The launchings of the artificial earth satellites, especially the Soviet satel-
1ites in the series "Cosmos" and "Meteor" and the American "Tiros," "Nimbus,"
and "Aeros" permitted the weather forecasters to ba immediately involved in
the development of a universal system of weather forecasting.

0f course it is incorract to consider that space observations will be able to
completely replace surface meteorological service. The task of both is

to, by supplementing each other, comprehensively expand and deepen tha infor-
mation necessary to a meteorologist,

Currently rational proportions are revesled in the distribution of "work"

betwean the meteorological satellites and the surfaco weather servicas. At

the same time exploration is underwvay of such forms and methods of observation

of the weather parameters from space which could replace observations conducted
- on earth: sounding of tha distribution of mofsture content, temperature

sounding through the entire thickness of the atmosphere, and evaluation of the

condition of stom activity and the quantity of falling rain.

- We will look at the genaral features that distinguish the normal synoptic map
from satellite information.

The synoptic map containe data on the weather obtained from different meteor-
ological stations located often at great distances from each other. Om it
the conventional signs are placed for the zones of cloud cover and position
of fronts, the zones of precipitation and the centers of cyclones obtained
by interpolation from individual observation of meteorological stations and
.htps-

The satellite information, as it is accapted to say, in the plane of the
image provides continuous situations and details characteristic for the
photo images.

Study of the photographs obtained from satellites on the structure of the
cloud masses permits a revelation of the trajectory of movement of the air
mass to vhich the cloud belongs, and can provide an idea on the pattern of
vinds at different altitudes.
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A determination of the content of water vapor in the atmosphere and its vari-
ations provides important material for a detection of the thermal and water
balance of the atmosphers, and the heat and moisture exchange between sea and
dry land. Water vapors have a strong effect on atmospheric temparature,

During evaporation accumulation of heat occura which is accompanied by precip-
1‘:8".10“0

Satellite metaorology makes it possible from photographs of cloud cover to
reveal the vertical stability of the atmosphere and the intensity of the
vertical exchange of heat, which opens up the possibility of determining the
condition of weather in the boundary layer of the atmosphere for a large number
of parameters. The optic and radiometric methods of research from satellites
make it possible to reliably distinguish the cloud cover from a snow cover,

and consequently, trace not only changes in teaperature of the underlying
surfaces, but also changes in the snow cover of dry land, end ice covers of
seas,

For observations of the cloud cover of earth, snow and ice formations a tele-
vision apparatus is installed on satellites, with the help of which photo-
graphs are made in the visible and infrared sactions of the spectrum, The
photographs in the infrared rays can be made during the day and at night, At
night they are the only source of informatiom, but during the day they have
unique information that differs from that obtained in the visible spectrum--
these are data on the layers of clouds and their vertical development. 1In
addition the fairly high sensitivity of the infrared gages makes it possible
to find warm and cold air masses, and to evaluate the temperature field of
the air masses.

Studies of the processes of weather formation using photographs from meteor-
ological satellites have become an important means of finding storms and ice
fields, and tracking the movemant of storms over oceans where there are no

- meteorological stations. The pattern of wave action on oceans, like the
visible structure of the cloud cover, provides specific information about the

= direction and velocity of wind in the lower layers of the atmosphere, and
makes it possible to record zones of precipitation. It is true that inter-
pretation of satellite photographs is complicated to a considarable measure

- by the fact that the brightness of the clouds is a complex function of a
large number of factors.

The number of threatening elemental phenomena includes tropical storms, They
are diverse in dimensions and intemsity, therefore it is inportant to find
and trace the direction of their development, With the belp of the satellite
"Tiros-5" in 1962 the evolution of a typhoon was successfully observed from
the moment of its birth to its breakdowmn. The peculiarity of the condition
of the cloud cover during the passage of the typhoon consists of the presence
before the main system of clouds "of a prehurricane" line of squalls in the
form of a band of convective cloudiness. The nucleus of the system of
cloudiness of the typhoon was formed by dense cumulus low-1lying clouds pra-
disposed to changes when coming upon dry land. The photographs made it pos-
sible to find a link between the dimensions of the structure of the

31
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100040038-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000100040038-5

FOR OFFICIAL USE ONLY

cloudiness and the maximum wind velocity, and in particulax, to establish
empirical dependences of the diameter of the cloudiness zone of the storm on
the maximum wind velocity,

The tornadoes (strongast storms) obgerved in the United States and Australia
axe characterized by the presence of a so-called maternal cloud system, near
which an extended offshoot is located. The tornado is often surrounded by a
cloud mass, Bright zones of cloudiness up to 300 km in diameter are accumu-
lations of rain clouds. The wind velocity in the tornado zone exceeds 100 m/s.
One of the peculiarities of the distribution of cloudiness on earth is the
spiral-shaped systems linked to large-scale cyclones. Photographs of these
eddies can serve as a means of analyzing weathar formation, since they bear
features of a specific cyclons, Here ome can find the presence of dry and
moist air, and fix the position of xones separating the air masses. Successive
photographing of the development of a cloud system in a cyclone makas it
possible to trace it in dynamics and establish the moment tha cold and wam
fronts approach, and the moment of movement of the cold front into the zone

of the varm front. And finally, one can analyze the stage of breakdown of

the cyclone.

On a number of photographs of the cloud cover zones of clouds of a cellular
structure are discovered, whose regular structure is governed, as is assumed,
by the approximats stability in wind velocity as altitude increases., Such a
zone of caellular cloudiness is located on the periphery of a major anticyclone.

The layer of clouds and fogs that form, for example, during the movement of
moist air over the colder surface of the ocean in the coastal zone often are
revealed on television images of the cloud cover obtained from satellites.

The results of research on the types of cloudiness are important. Small cloud
elements visible from earth and serving to determine the type of cloud cover
by the observer under normal conditiom often camnot be found on imagas obtained
from a satellite, The field of small cumuli sometimes can seem to be a thin
cover of layer clouds.

Vast bright cloud masses with diameter on the order of hundreds of kilometers
are usually a thick layer of clouds., The regions of lower brightness in the
shape of irregular spots often contain cumulus-rain clouds. Tha cloud masses
with low brightness consist of cirrus, high-cumuli or cumuli of good weather.

Analyeis of the mateorological information obtained from satellites shows that
although the space photographs mske it possible only to obtain maps of clouds
and optically dense formations on the whole they provide an idea about many
meteorological phenomena.

Thus the mentioned typhoons have characteristic cloud formations located
usually at altitudes up to 12 km, therefore from them one can compile an
opinion about the air currents at these altitudes. The altitude of the
border of clouds is determined based on the spectral measurements of the
outgeing radiation.
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Although now weather foracasting is based on an analysis of the atmospheric
pressure field from which fronte of air masses are determined, it is basic-
ally considered possible to base weather forecasting on observations of
changes in cloud cover,

The meteorological satellites have already provided people with a lot of
useful information. For example, in 1967 the satellite '"(osmos-144," included
in the system "Msteor," found that the North Arctic Ocean from Wrangie Island
to the Bering Gulf was practically free from ice; this permitted navigation
to be started a month earlier than the usual period, With the halp of the
satellite "Tixos-2" in 1961 a typhoon was observed and pruedicted in the
region of New Zealand. In the eastern section of the Maditerranean Sea jet
streams occurring thare were revealed.

In the regions of the Himalayas that are difficult to reach the scientists
with the help of remote photographs astablish the precise water pattern of
rivers feeding the fields, cotton plantations and gardens. The obtained

- info.mation made it possible to build irrigation structures with regard for
the proposed influx of river water in the summer period,

Metaorological satellites have warned many times of the generation and direc-
tion of movement of major cyclones, as a result of which the residents of
the coastal region were warned in advance of the threatening danger.

The photographs obtained by meteorological satellites for compilation of
synoptic maps are being developsd in a corresponding manner. In the United
States, for example, two methods are used for the development., The first
consists of developing tha photographs divectly at the reception station and
projecting the obtained image onto a coordinatiom grid. The configuration
of the cloud cover is transferred to a standard synoptic map, where the
experienced synoptic meteorologist preliminarily analyzes the images and
selects the most valuable information. This method is used to obtain data
characterizing the synoptic processes of a large scale, such as the pogition
of a cyclone center. The second method consists of the construction of a
geographical coordinate grid directly on the photograph.

Here distortions are considered that are introduced by the optic system of
the wide-angle camera, and for each photograph an independent coordinate grid
is constructed according to the orientation of the camers in relation to the
local vertical,

In addition to information about the cloud cover of earth there is yet
another complex of elements about which we receive data from meteorological
satellites--this is information on the streams of radiation coming to the
earth and given off by it, 1In particular, on a mmber of meteorological
satellites the task was set of obtaining large-scale fields of radiation
escaping into world space from the earth's surface and atmosphere which are
in the field of vision of the receivers. Since the escaping radiation is
determined by the reflecting and emitting properties of terrestrial objects,
and by the nature of the air masses, then from an analysis of the temporal
and spatial variations in radiation fields one in principle could compile
an idea about the corresponding variations in the fields of meteorological
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- elements, and make an analysis of the cloud cover that interacts with the
correaponding air masses, and trace their movements in space and changes in
time.

The results obtained on the radiation-thermal pattern of the system earth-
atmosphere ars used to develop a theory of climate and construct an atmo-
spheric model.

The quantity of information transmitted by the meteorological satellite in
turn alone can be compared with the information obtained from 15,000-20,000
surface stations. All of it must be processed before the beginning of the
next turn. A session of information transmission begins upon command from
earth or in accordance with the flight program. Information from orbit can
be obtained directly, without being stored aboard, which is especially valu-
able for rapid weather forecasting. In the future the task will be set of
i obtaining "a space meteorological newspaper' at any time of day and even every

hour.

How many satellites ars required to guarantee such hourly information? It
seems that everything depends on the orbit of the satellite. For example, if
the satellites are launched onto an squatorial orbit, then to solve this
problem it is sufficient to have two satellites with a 2-hour period of rota-
tion and shift in phase by a half-period. In this case at any point of the
equatorial belt one can obtain television photographs at hourly intervals. If si-
multaneously six to eight satellitas are launched onto a polar orbit, then in
the lower latitudes television photographs will bs obtainad at a rate of
slightly lass than an hour, while in the high latitudes there will be an over-
lapping in time and area. Here at six hour intervals world maps of the
geographical distribution of data obtained from the satellites can be compiled,

- According to other calculations the satellites should be put into orbit at
altitude 500 km and with slope at an angle to the pole in direction to the
west, By using a system of these satellites launched with a successive shift
in time with such regard that they intersected all the latitudes at specific
time intervals one can practically continuously trace the msteorological pro-
cesses over the entire earth atmosphere.

Of definite importance can also be the project of a system made of three squa-
torial satellites that have a stationary orbit at altitude 35,870 km with
period of rotation 24 h, In this case the satellites will revolve synchro-
nously withearth, as if suspended over specific points of the equator., The
value of the system consists also of the possibility of using it as a mail
box where information can be concentrated from other meteorological satellites
and then transmitted to surface points of information collection. The task
in the future 1is outlimed--to create a universal weather surface. This
requires automation of all the measuring processes executed at the hydro-
meteorological stations and local weather bureaus. The fact is that many
meteorological observations are mada only visually, since there are no
advanced instruments, and sometimes physical principles that permit automatic
observations. This, for example, is racording of a number of atmospheric
phenomena, shapas of clouds, and evaluation of the weather.
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In the opinion of a number of apecialists automatic hydromateorological remote
measuring systems must become the reference link in the complex automated

) system, One system will ba able to encompass the region of 20,000 kn2, and
free thousands of skilled specialists from heavy labor, Over the entire
region of observations the primary measuring instruments will be arranged
that make automatic measurements and tranemit the obtained information to the
hydrometeorological point,

System of Space Communication

The distance of radio wave spread depends on their length, Long waves can

envelop the earth, although here they lose the greater part of thair energy.

Short waves guarantee considerably greater distance of radio communication as

a consequance of multiple reflection from the layers of ionized gas located -
at low altitudes and the earth's surface. VHF waves are spread

only within direct visibility. However precisely in this range of wavelengths

the caimest operation in the ether is guaranteed. Here many radio stations

can operate simultaneously on VHF without interfering with each other, =

In the last decade the scientists and designers have developed a number of
measures directed towards increasing the distance of radio and television
communication; more advanced systems have been planned, the power of the
transmitting and sensitivity of the reception stations have been Increased,
and a network of retransmitting lines has been set up. However continuous
radio installation even of a medium-scale European country requires the
creation of many dozens of transmitting stations linked by special cables. -
For our country that has an enormous territory and regions of difficult access
this task is extremely complicated. For each line of cable or radio-relay
communication that consists of a large number of intermediate retransmitting
stations requires the installation of expensive transceiving apparatus,
construction work, sources of power, and constant maintenance. For example,
for the radio relay line Moscow-Vladivostok 150 surface retransmitters were
needed, and for the cable line of the same length--over 1,000 amplification
POmts.

Currently three main types of communication lires are used: main, of which a

large number gather at a central point, from which along a comion main channel -
communication occurs with other analogous points, where lines, agein branching, -
are sent to the users; communication lines betwaen the communication center

and a moving object (ship, airplane, helicopter); communication lines between

moving objects, The main mass of the so-called commercisl communication whose -
number is constantly rising is implemented on lines of ths first type. For

example, whereas in 1969 the number of transatlantic two-way telephone commu-
nications between Europe and the United States was 2 million (345 channels)

according to predictions for 1980 it remains to provide about 120 million
communications, which requires up to 12,000 channels. The demand of the

military services also rises for lines to guarantee coordination and func-

tioning of army units.

It is known that one surface radio station can encampass with its 'radio field"
roughly 15,000 km2, And if the retransmitting device is installed mot on a
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mast, but on board a sateliite, then one can create a communications system
capable of encompassing the entire world.

The principle of the use of satellites to provide long-range radio communication
consigts of the fact that in the communication lines operating in the VHI

range they fulfill the role of intermediate stations rebroadcasting radio
signals from one surface atation to another. As in the normal radio relay
lines passive and active satellite rebroadcasting are distinguished.

In the first case the satellite is a simple reflector whuse shell has, for
example, the shape of a sphere (the American satellite rebroadcaster “Echo").
Passive rebroadcasting needs considerable power of the transmitting and high
sensitivity of the reception stations, as well as low orbits of the satellita,
Despite the evident advantages of such a retransmitter (high reliability and
wide range) it is not considered promising. This will be discussed below.

In the second case on the satellite the sigral received from earth {s ampli-
fied and subsequently transmitted to another surface station. Active retrans-
mitters can operate both with delay and without delay of communication.
During the operation with delay of commuaication the satellite, flying over

a point of data transmission receives and stores the obtained information,
while above the point of reception upon command from earth transmits it., 1In
this case the satellites can be launched to low orbits (on the order 300 km)
and have considerable powers of the transmitting systems. However the small
altitudes of the orbits limit the activity of the communication section to
2-3 mimutes.

- 1f operation occurs without delay of communication the satellite continuously
transmits to the user the obtained information only at another frequency.

_ Here communication will be carried out only in the case where the satellite

- simultaneously is visible from the sites of reception and transmigssion. Trans-
mission without delay is possible also between more distant objects om earth

- through a system of satellite-retransmitters linked into a single chain.
Retransmission with delay is used in the system "Kur'yer," while continuous--
in the system "Molniya" and "Rele."

Passive retransmitters are divided into stabilized and unstabilized. The
stabilized include flat reflectors, reflectors of on-board scattering, and
short-circuited antemnas. However stabilized passive retransmitters require

- the use of electronic control systems for the spatial position of the appa-
ratus, which reduces to zero the main advantage of these systems--reliability
and simplicity inherent to the passive reflectors. The unstabilized reflec-
tors include sets of Luneberg lenses, V-reflectors, clouds of "needles," and
metallic spheres.

Passive retransmitters are usually hollsw spheres several tens of meters in
diameter whose surface is covered with aluminum foil. For example, the Amer-
ican satellite "Echo-2" launched in 1964 was an inflatable sphere 41 m in
diameter with a shell made of plastic film that had a mirror metallized coating.
Later drafts for the satellites "Super Echo" were developed with diameter up

to 300 m.
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- The main deficiency of passive satellite retransmitters is the great losses of
energy of the reflected signal from the satellites with nondirectional radi-
ation beam proportional to the fourth degree of distance; in active retrans-
mitters the damping is subject to the law of second degree,

Comparison of the weights of passive and active reflectors that guarantea the
same re-emission power per unit of active power shows that an increase in the
dimensions of passive satellites to obtain greater amplification and power
results in an impermissible increase in weight,

A comparison of the quantity of information that can be retransmitted in a
unit of time also is not in favor of the passive systems. Thus with altitude
of the orbit 1,000 km the rate of information transmission with regard for
real limitations is 103 bit/s for a passive spherical satellite 30 m in dia-
meter and 108 bit/s for an active satallite with power 1 W,

Determination of the specific orbit for a satellite retransaitter is an
extremely complicated question linked to tue selection of a number of other
components and parameters of the system: tha number and location of the
surface points, the number of channels, limitations placed on the delay time
of the signal, parameters of the booster rocket, and characteristics of the
satellite and surface station.

Expansion of the communication zome by increasing the altitude of the satellite
orbit is significant roughly to 8,000 km, Here circular orbits are more suit-

. able from the viewpoint of the stability of the communication zone and the
ratio signal/noise. An advantage of switching from an elliptical orbit to
another--the satellite can have greater weight as compared to the satellite

- that is put into a circular orbit whose altitude equals the apoges of the
elliptical orbit (with the same weights of the booster rockets). In addition

4 on the elliptical orbits communication can be provided more econcmically
between surface stations located in a limited range of latitudes.

Precisely on an elliptical orbit with parameters: periges 497 km, apogee
39,380 km--the Soviet communications tatellite "Molniya-1" was lsunched. The
large amount of orbital eccentricity, the location of the apogee over the
Northern, and the perigee over the Southern Hemispheres guarantee. commuinica-
tion sessions in the presence of on» satellite between Moscow and Vladivostok
to 9 hours with a total period of revolution 11 h 48 min, However the
retransnitters with elliptical orbits also have significant deficiencies: it
N is necessary to alter the amplification of the on-board antenna as a conse-

’ quence of the variability in distance to earth, and with perigees less than
370 km deceleration in the atmosphere results in instability of the orbit,

At what altitudes then is it expedisnt to launch the retransmitters?

It has been established that there exists a critical altitude on the order
9,250 km below which one can use nondirectional antennas and comparatively
simple satellites. At great altitudes it is more expedient to usa diractional
stabilized antennas, which reduces the required number of satellites that
provide communication within the same region of the earth's surface,
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Zones of Coverage of Earth's Surface by Communication Satellites Launched at
Different Altitudes: left--by one of ten satellites from altitude 11,000 km,
right--by one of stationary satellites (altitude 35,000 km)

Key:
1. East 3. Orbit with altitude 11,000, 100 km
2, West 4, Stationary orbit

The selection of altitude of the orbit is affected by space conditions: x-ray
radiation, gamma-rays, ultraviolet radiation, and high vacuum. Protection
from radiations can be provided by the corresponding shielding. In particular,
it has been computed that to shield from protons that have high energies
thickness of the shield material on the order 25 cm is required, and this
results in an impermissible rise in the weight of the entire satellite.

Currently altitudes less than 1,850 km are comsidered efficient for orbits of
communication satellites for simple systems and intracontinentsl comsunication,
and over 18,500 km for complex systems that provide intercontinental communi -
cation,

How many satellites are needed to maintain continuous communication between
surface stations located, for example, 5,000 kn from each other? It s
considered that if the satellites are put into an orbit 1,500 km in altitude,
there must be 400 of them, and with altitude of the orbit 8,000 km--40.
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The most anticing {s the idea of using stationary satellites for communication.
A system made of three stationary satellites, uniformally distributed over
the orbit can provide reception of radio and television transmission at any
point of the earth, with the exception of the polar regions. A comparison

of the zones of coverage of the systeans uxie of ton satellites located at an
orbit of 11,100 km, and systems of stationary satellites shows that in the
latter system the rone of coverage is considerably greater. The retransait-
ting efficiency with the use of a stationary satellite does not depend omn the
location of the surface station, while at lower orbits it is reduced as the
station is farther away from the equator. Howaver such a communication system
also has a mmber of significant shortcomings. They include: low reliability
since the malfunction of one satellite disrupts tha operation of the entire
system; the need for great outputs of the tranemitters located on the satel-
1ites; the need to use on the satellite a system of stabilization and orien-
tation; tha great required power of the rockets that put the satellite into
orbit; and the considerable delay in the signal in time.

We will dwell in more detail on the last factor. There is a practical toler-
ance for delay time of telephone signals--in the telephona chain with one-way
spread of the signal the delay must not exceed 0.25 s, With the use of double
lines such a delay results in the appearance of an echo. In order to improve
the quality of the signal in the long chains echo-barriers are used that
interrupt the signcl transmission in the time of reception, however the use

of echo-barriers can result in interruptions or distortion of speech,
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Dependence of Weight of AES on Emitted Power

Key:
1. Passive spherical reflector 2. Active AES
Along horizontal--re-emitted power in db relative to 1 W,
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For a satellite on a stationary orbit the signal delay in time will reach
1.27 8, therefore its use for tslephona communication is hardly expedient.
More promising is the use of such a satellite for transmission of telegraph,
phototelegraph and television signals.

Another important factor that determmines the selection of the orbit is the time
required for replacing the satellite in orbit, The sudden malfunction of
apparatus can, for example, occur ducing the breakdown of the power sources,
disruption in the functioning of the couponents of the eloctronic apparatus,
or orientation system. In this case the time necessary to replace the satel-
lite with orbital altitude 11,000 km 15 roughly 1.5 h, while for a satellite
with stationary orbit it is three times greater. In addition it is nacessary
to consider that at low orbits the mclfunction of one of the satellites when
they are located in a ring results only in the decrease in the zone of contin-
uous coverage or a short interruption in communication, the malfunction of a
stationary AES (artificial earth satellite) will produce a long interruption
in communication.

It is considered that communication lines that use satellites will become
economically justified if the duration of trouble-free operation of the satel-
lite will be several years. This factor makes strict requirements for reli.
ability of the devices installed on the satellites. They must withstand wmech-
anical and thermal impacts, operate under conditions of a vacuum and high radi-
ation, and withstand acceleration to 15 g with vibrations with frequency up to
- 2,000 Hz, It is known that reliability can be improved by providing standby
coanunication channels and apparatus, however this results in an increase in
the weight, overall dimensicns and fnput, which contradicts the limitations
on these parameters placed by the characteristics of the booster rockets.

In the creation and operation of the satellite communication system the main
cost is distributed between three elements: the satellites, the means of
launching, and the stations. The cost of the satellites will be minimum if
they are made in the form of small passive retransmitters, and the greatest
for active retransuitters with stabilized directional antennas. In addition
1f the service life of the satellits is less than 1.5-2 years the main portion

- of the outlays for operation will be outlays for the replacement of a satel-
lite.

Tha cost of the means of launching depands on the comple.ity of the launching
method and the power of the rocket designed to launch the satellite. Thus
according to foreign data the approximate cost of launching one sisple
nonstabilized satellite retransmitter is up to $5,000,000 and of a
multiple-function retransaitter up to 810,000,006.

The main competitor for space communication on transoceanic lines is under-
vater cables, however a comparison of the cost of operation of these systems
shows the sdvantage of the space system. In fact, outlays for the mainte -
mnceof a transoceanic line extending 5,500 km are roughly $27,000 for 1
television channel as comparsd to $10,000 in the system with a satellite.

The introduction of satellite retransmitters is currently following the path
of using them for radio-telephone, phototelegraphic, and telegraph communi-
cstion, as well as to transait television programs,
4o
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The construction of a broad network of surface raception stations of space
communication similar to the stations in the domestic system "Orbita" will

make it possible for a space bridge to be one of the main forms of remote
communication. The satellite communications system is suitable for rapid trans-
migseion of meteorological maps, and newspaper dies which permits the population
of remote regions in our country to be supplied with central newspapers the day
they come off the press.

A no less important role is space cowminication in television. Due to the
system "Orbita" the programs of the central telavision have been made available
to many millions of Soviet viewers. It would be impossible to create a similar
network of program reception of central television in such remote regions of
our country as the regions of the extreme north and the far east, and moreover
in such a short time wichout using satellites. With the halp of satellite commu-
nication direct telavision transmission is implemented between Europe, America
and other regions of the world, 1In a few years, any major country will be able
to transait their radio and television programs to the entire planet., It is
true that hexe the problem arises of the incompatibility of the telavision
systems as a consequence of the difference in standard signals and types of
receivers that exist in different countries. Thus, the standard number of
lines in the television system in Austria, Belgium and the USSR--625, the
United States--525, and England--405, Thers are differences in the modulation
of the channel of sound accompaniment, for example in Austria, France, and the
United States frequency modulation 1is used, in Belgium and England--amplitude.
The overall width of the band in Austria--7, in France--14, and in England--

5 mt-

Promising results of the operation of experimental satellite cosmunication
systems have made it possible to set up a number of new tasks whose solution
in the near future will provide a high-quality Jump 1in the creation of a
universal system of mass service.

The number of such tasks include, for example, maintenance of a surface cosmand-
measuring complex that guarantees flights of satellites and interplanetary
automatic stations. The functioning of the system of satellite communication
for these purposes will make it possible to abandon the branched network of
airplans and ship tracking stations used today to communicate with the space-
craft. Experiments are underway to organize air traffic with the help of
comsunication systems based on sateliites with etationary orbits, whereby data
or. the coordinates of an airplane are sent from the airplane to the satellite
and further retransmitted to the surface station for collection of data for
their transmission to the central dispatchers point., Plans are being examined
for the use of a communication system to collect information from meteorologi-
cal satellites, meteorological balloons, and sutomatic weather stations, as
well as from satellites designed to study the natural rasources of earth and
the sacrets of the oceans. Apparatus is being developed for satellites that
nmakes it possible to retransait radio programs and television programs directly
to the domestic receivers, by-passing the intermediate reception stations.

The question arises of creating satellite Tetransmitters on orbits around Mars,
Verus and the moon which will make it possible to implemsent communication on
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the spacecraft with the earth at the moment they are located on the side of
the planet not visible from earth, One of these plans provides for putting
the comunications satellits at the point of libration, at a distance on the
order 65,000 km from the moon above its far side.

Navigation Through Space

Generally it is not very complicated to determine one's location while on dry
land near reference points. It is considerably more complicated to do this
while, for axample, on an airplane in air or on a ship far from shoras. It is
necessary to consider that here the task consists not only, of accurately deter-
aining the coordinates, but also laying a course that guarantees arrival at
the point of destination.

At the same time the ever increasing velocities of airplane flight and the
increasing distances of movement of ships advance higher requirements for the
methods and means of navigation.

As far back as 15 years ago in the United States a decision was made to increase
the accuracy of the means of ship navigation in the Navy, which should guarantee
determination of the ship coordinates with error up to %2 miles in a time no
greater than 10 minutes. In relation to submarines that are sailing in the
submerged state for months the latter parameter acquires especial urgency.

The merchant marine has also developed definite requirements for the means of
guaranteeing the navigational safety of ship sailing: the accuracy of their
readings must not be less than 1% of the distance to a dangerous place during
navigation in the ocean, and during movement in harbors--no less than 50 a
with distance to the nearest dangerous point less than 3 miles.

During the movement of a ship its location is determined periodically., And
in the intervals between these moments dead rackoning is implemented with
regard for different factors--current velocity, wind velocity, waves. For

- dead reckoning graphic, analytical and automatic methods are enployed respec-
tively on graphs, formulas and tables, or calculators--dead reckoning analyzers.
For any of the named methods the initfal is information generated by the sys-
tems of course indication and measuresent of the ship velocity,

The course i3 determined with the help of gyroscopic compasses, whose root-
mean-square error in measurement is roughly 0.5°, Velocity is measured in
logs; the relative error of their measurement is 1%. A deficiency of these
instruzents consists of the fact that they do not consider the meteorological
factors in the measurement process. Systems based on measurement of the true
movement of the apparatus--inertial systems are free of such errors. Howevar
they also suffer a serious deficiency--they are not capable of determining
coordinates more accurately than those that were built into them. Today inertial
systems are known that are capable of providing a root-mean-square error of
coordinate storage of 0.1 mile/h. Therefore on lengthy marine voyages inertial
systems must be periodically corrected.

As is known, since ancient times sailors have determined the position of tha
ship at sea or ocean with the halp of stars or planets by astronomical methods.
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This method is fairly reliable. But it can be used if the sky is not covered
with clouds and the horizon is clearly visible, which does not occur that

= often. It is enough to say that in the northern latitudes of the Pacific

K Ocean the probability of cloudy weather (cloud cover over 8 points) is 40-

’ 80%.

In order to determmine direction by a star goniometers are used--sextants, whose
accuracy depends not so much on the perfection of the instrument as on the
experience of the navigator. On the average it 1s 0.7',

Radio engineering has provided the navigator with direction finding devicas.
The method of pinpointing location with their help consists of the simultane-
ous determination of direction on two tranemitting radio stations, whose po-
sition is plotted on a map. The radio engineering devices make it possible

to determine location with accuracy 1% of the distance to the shore reference
radio stations. And if this distance 1s 1,000 miles, then the error can reach
10 miles, Howaver the action of a netwerk of long-distance radio navigation
encompasses mainly the coastal regions and directions of the main marine routes.
At the same tine a considerable portion of the ocean is outside the zome of
their action,

Currently the means of navigation are employed in a complex that includes, in

} particular, three inertial navigation systems, radio sextants, an astronavi-
gation periscope, electromagnetic log, course indicators, depth gages, and
electronic computer, However even this complicated navigational complex can-
not guarantee the required accuracy of navigation over the entire earth,

In the searches for more accurate methods of detemining coordinates of moving
objects the specialist turned to AES, Their use for navigational purposes is
possible due to the natural rotation around earth, as a result of which at

each moment in time one can with high accuracy indicate the position of a satel-
lite relative to the earth's surface. Consequently, having determined the
position of a moving object relative to the navigational satellite one can
compute the posftion of the object in the earth's system of coordinates.

The main advantage of a navigational satellite systea is the possibility of
solving navigational problems under any meteorological conditions with fairly

- high accuracy. Such a system makes it possible to serva round-the-clock an
unlimited mumber of users on a large area of the earth,

The satellite radio navigation system is a fairly complex set of squipment.

It includes: several navigational satellites rotating around the earth
according to assigned orbits and having on board spacial radio engineering
equipment; on-bdard radio navigation stations installed om ships or airplanes
to meagure the navigational parameters and compute the geographical coordinates
of the locations of these objects; a network of surface stations te control
the parameters of satellite orbits; a computer center coordinating the work

of the entire satellite navigational system and predicting the ephemeris
(precomputation of coordinates) of satellites for the nearest time based on
data of the control stations; time service that makes it possible to reckon
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time with accuracy up to 0.01 s and that fssues time corrections; radio tele-
metric and communciation equipment to transmit commands and different infor-
mation from earth to satellites and back in order to guarantee communication
of the control points with a computer center.

The operating principle of the system is based on the use of satellites as
reference points that make it possible to obtain the necessary direction find-
ing information. If the satellite is in an orbit with known elements, then
it is easy to compute its ephemeris. And by having a table of ephemerides,
one can apparently compute also the coordinates of our object. However in
fact it is much more complicated.

It is necessary to consider the change in the satellite orbits over time, The
reasons for these phenomena could be sought in the off-centered nature of the
earth's field of gravity (and consequently, the variability in the forces of
gravity), in the effect of forces of resistance of the atmosphere, gravitation
of planets, and so forth, Therefore the task of precoaputing the position of
the satellite with regard for the real disturbances is very voluminous.

There 1s a known technique for predicting the position of a satellite developed
for the system "Transit" (United States). On the surface of the earth a: a
considerable distance from each other four radio stations for tracking satel-
lites ave placed, a computer center, a station for input of information to the
samllites, and & time service. The tracking stations measura the paramaters
of satallite movement at that moment when it passes over them, makes corrections
and transmits the information to the computer center. These data are used to
determine the orbit, and then are transmitted to the input station. At the
mament of appearance of the satellite in the zonme of visibility of the sacond
station the first sends to the satellite the necessary information and issuss
a coumand by which fts working storage is freed of old data and it stores the
- new data. The correctness of the new input of the new data is controlled,
after which the storage is disconnected for half a day, until the satellite
- enters the zone of action of the station. Further the satellite in accordance
with the prograx will once in 2 minutes transmit information. The craft has a
special inphase receiver vhere information after processing is printed on tape.

For a reliable determination of the location of a ship 2-minute intervals are
sufficient. However the complexity of creating such a systeam is linked to the
possibility of making a storage device with a large capacity of the menRory- -
25,200 binary signs, whereby the accuracy of deteraining the coordinates is
high (characterized by root-mean-square deviation of satellite coordinates--
0.25 mile/day).

Currently the satellite navigational systems do not make it possible to comtin-
uously determine the coordinates of moving objects, since due to the earth's
rotation around an axifs at each point cn the earth's surface the satellite

can be observed only several times a day, and each time for a comparatively
short time. If there are several satellites, for example four, tha site of
the moving object can be pinpointed every 2 hours.
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In order to determine the coordinates of a ship in principle impulse, ampli-
tuds, phase and frequency methods of measurements can be used, on whose basis
one can set up a mmber of radio navigational systems: angle-measuring, dis-

B tance finding, Doppler, and combined. In order to use any of these methods of
measurements on a navigational satellite it is necessary to have a transmitter
that operates in a pattern of transmitter-retransmitter of inquiry signals,
The oscillations emitted by them are received at the object (airplane or ship)
and used to determine coordinates. At the same time the satellite aphemerides
are transmitted to the object referring to the moments of navigational measure-
ments. The ephemerides can, for example, be introduced perfodically on a radio
channel into a storage device of the satellite and be fed to its transmitter
for additional modulation of the transmitter oscillations.

Angle-measuring method. On the satellite a transmitter is installed that
generates continuous oscillations. With the help of the radio navigational
station located on the airplane or ship by direction finding of the satellite
transaitter its angular coordinates are defined (altitude, azimuth, or their
derivatives).

In determining the site of the object from angular altitudes the method of
processing measuring results used in astronomy is employed. Measurements are
difficult due to the great angular velocity of movenment of the satellite in
relation to the object of observation, and as a consaquence of this the pre-
smce of considerable oblique shifting in the object--parallax. Howevar here
the rapid change in altitude of the azimuth of the satellite mkes it possible
roughly in 5 minutes to obtain more than 2 position lines.

In detemmining the site of the shift from the azimuths it is proposed to
successively neasure two azimuths on the satellite with a simultaneous accurate
intersection of the measurement moments; the position of the craft is located
as the point of intersection of two lines of equal azimuths.

Distanre finding method. It 1s proposed that the observer can maasure the
inclination of distance to the satellite. The object to ba coordinated ful-
f1l1s the role of the inquiry station, while the radio engineering equipment
of navigational satellite--the role of the transponder,

Having measured the distance at moment t;, one can find the surface of poasible
position of object C, that is a sphere, in whose center the satellite is located
at the moment of measurement (see Figure). The second surface of position C
can be determined having measured simultanecusly the distance and up to the
second navigational satellite, or to the same object, but at moment of time ta.
The third surface is determined simply, since the altitude of flight 1s known
(for the airplane) hean, and consequently, the geocentric altitude computed
from the center of earth, HeRy+h,,,¢ By making from the center of earth a
sphere with radius H we also vni obtain this surface,

The three surfaces in intersection will provide two possible locations of the

object: the true (1) and false (2), whereby the true is determined simply--
it 18 too far apart from the false.
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Scheme of Distance Finding Method of Detemmining Object Position from Two
Satellites

Doppler method., The idea of the method consists of determining the relative
satellite velocity. In the beginning when the satellite is at the horizonm,
the velocity of change in the distance 1s the maximumj at the moment when the
line of sighting of the satellite is perpendicular to the vector of its rela-
tive velocity the change in distance is close to zero; it again rises to the
maximum at the next moment in time,

Roughly the same pattern of change in the frequency parameter of the radio
signal, like the change in distance can be obtained with the use of the widely
known Doppler effect. Its essence is that with a change in tha relative
position of the transmitter and receiver the frequency of the signal received
by the receiver differs from the frequency of the signal emitted by the trans-
mitter by an amount called the Doppler shift in frequency.

By measuring the frequency of the signal received from the satellite one can
determine the time when the Doppler shift of frequency equals zero. This will
be at the moment when the observer enters the plane perpendicular to the vector
of relative satellite velocity.

There is yet another method for determining the site of the object that is
based on the use of satellites' stationary equatorial orbit when thay can be
viewed as immobile radio stars. If three satellites are put into a statiomary
orbit that are separated from each other by equal distances their totality
will permit the navigator to determine the position of an object at any point
in our planet, except the polar regions.

In this case it is not necessary to solve equations of satellite movement; it

is sufficient to make a correction for the change in satellite coordinates as

a consequence of the effect of external forces. The accuracy of determination
of the observer’s location, apparently, will be no worse than under the ordi-

nary astronomical measurements, whereby the main methods of measurement can be
the navigational methods--high altitude or distance-finding.
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The navigational parameters of satellites can be obtained with optic, visual,
radar, Doppler and photo-optical systems, Visual, optic and photo-optic
systems have limited use according to the tima of day, for axample when the
satellite is still illuminated by the sun, but the sky is already dusky.
However the optic systems are mora accurate than, for example, radio engineering
making it possible to determine direction with error no worse than 5-10"., The
photo-optic systems can guarantee even greater accuracy.

Advantages of the radar system of obsaervations of navigational satellites--
their suitability for all weather and round-the-clock use, as well as rapid
measurements. However the angular accuracy of the measurement of direction
still does not exceed 30",

The United States has launched several experimental satellites whose goal is
to verify the possibility of creating a navigational system, formulation of
methods for observing satellites, and creation of navigational charts,

The first launching was unsuccessful--the satellite fell into the Atlantic
Ocean. The second navigational satellite “Transit-1B" was launched in 1960.
It was equipped with instruments for measuring navigational parameters, radio
telemetric devices, apparatus guaranteeing tracking of the satellite, instru-
ments for controlling on-board systems, and power supply source. The oper-
ating principle of the system "Transit" was based on the Doppler effect., In
order to reduce the influence of the ionosphere on the accuracy of measure-
ments the satellites were equipped with radio transmitters emitting four
coherent frequencies. The satellite used one spherical antenna, with whose
help both transmission of navigational and telematric data, as well as racep-
tion of commands were carried out.

However the launching of the satellite "Transit-1B" was not as successful as
expacted, It did not go into the plamned circular orbit with mean velocity
925 km. The real parameters of its elliptical orbit were: altitude of the
perigee 375 km, apogee 754 km; as a result the time of existence of the satel-
lite was reduced from 50 to 6 years. The satellite apparatus during the
experiment operated satisfactorily, which made it possible to guarantee accur-
acy of the location deterwination on the average 0.5 km.

Experimental launchings of navigational satellites have shown, in the opinion
of the American specialists, the possibility of creating a navigational satel-
lite system on the Doppler principle. It has been establiched that for the
middle and small latitudes a precise consideration of the effect of the iono-
sphere on the passage of radio waves is possibla.

The main reason for errors in predicting the orbits of high-altitude satellites
is the inaccurate knowledga of the earth's gravitational field. On the aver-
age errors in predicting the orbit a day in advance were 0.5 miles, while
extrapolation of the orbits for 4 days produced an increase in ervor up to

3 miles.

A result of the formulation of the experimental variant in the system "Transit"
should be the operating variant based on four satellites with circular orbits
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at altitudes about 1,000 km (ghis will make it possible to pzclong their
existence time up to 50 years and the radius of the zone of satellite observ=
ability wp to 3,000 km).

The ocutlooks for a space navigational system are vast: it can use ships and
submarines, large liners and vessels of the tanker fleet, and transoceanic
airplanes. The use of this system will permit airplanes and ships to salect
efficient routes of tracking, reduce the outlays for search and rescue work,
and can promote safe navigation.

According to the calculations given in the magazine AVIATION WEEK (United Statas)
the data obtained from navigational satellites will permit a reduction in the
length of transoceanic routes on the average by 45 minutes per day and guar-
antee an annual economic profit on the scales of the oceanic merchant marine

- of $130,000,000.

Chapter 8. Space--Arena for International Cooperation

Since in the course of space research problems are solved of a planetary

scale, here as in no other area the importance of international cooperation is
great, In this respect that fact is characteristic that the start of the space
era falls within the International Geophysical Year--a measure that has no
precedent in the past. Over 5,000 scientific stations, observatories and expe-
ditions of many countries have conducted studies on different sections of the
1IGY program,

Further advances in the investigation of the near-earth space, the moon,
planets of the solar system, and interplanetary space are inseparably linked
to the expansion of the front of experimental work, perfection of the tech-
nique of space experiments, and the purposeful and systematic increase in the
efforts of scientists in this area, As previously in the investigation of
Antarctica, today in the investigation of space a stage begins of comprehen-
sive and systematic studies in which especially great importance is given to
the coordination of work of scientists of different countries, and closer
international cooperation in the fulfillment of comprehensive lengthy scien-
tific programs.

International cooperation in space research today is carried out on many chan-
nels. There are international organizations especially created for this pur-
pose, bilateral and multilateral agreements have been concluded, international
congresses and conferences of scientists are organized, and an exchange of
scientific and technical literature is underway. One of the forms of scien-
tific links is the collective visual and photographic observations of satel-
lites implemented simultaneously from many countries.

Cooperation among scientists of the fraternal countries of socialist cooper-
ation has acquired a broad nature. True to tha principles of imternationalism

- the Soviet Union generously shares its accumulated knowledge and experience
in ali fields of science and technology. This cooperation is spreading more
and more to space science and technology as well.
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At the meeting of the representatives of socialist countries in November 1965

= the USSR proposed carrying out joint experiments with the help of Soviet
satellites and geophysical rockets. The first such work was fulfilled on
"Kosmos-261." Its main purpose--to investigate the nature of the aurora bore-
alis, The processes which accompany these grandiose geophysical phenomena
affect the upper atmosphere most strongly in the polar regions, but also touch
the middle and even lower latitudes. Therefore it is very important to make
simultaneous measurements from on board a satellite and on the surface geo-
physical observatories and stations operating on a single plan, The experi-

- ment on the satellite "Kosmos-261" was the first work of such type. Secien-
tists of Bulgaria, Hungary, the GDR, Poland, Romania, the USSR and Czechoslo-
vakia participate in 1it.

The Soviet Union has also proposed implementing launchings of satellites and
geophysical rockets with apparatus developed and manufactured in the cooper-
ating countries.

There were many difficulties on the path to creating the first international
satellite. It was necessary to solve complex organizational, technical and
scientific problems. In certain countries participating in the cooperation
there was not enough experience and trained personnel. But nevertheless
already within 2.5 years after the adoption of the agreed upon program the
firat satellite of the socialist countries, "Intercosmos-1" took up its scien-
tifie watch on orbit arcund the earth. It was designed to study the ultra-
violet and x-ray radiations of the sun, and the influence of thase emissions
on the structure of the upper atmosphere of earth. Scientific instruments
manufactured in the GDR, Soviet Union and Czechoslovakia were installed on
board "Interkosmos-1." The scientistc of Bulgaria, Hungary, Poland and

- Romania participated in the development of the scientific program and in the
surface observations. One of the most significant results of this experiment
was the finding of polarization of x-ray radiation of the sun. The studies
of ultraviolet and x-ray solar radiation were then continued on a number of
subsequent sataeliites "Intercosmos," With the help of "Intercosmos" measure-
ments were made of the characteristics of the earth's ionosphere: concen-
tration of electrons and positive ions, as well as the electron temperature
near the satellite and the mean concentration of electrons between the satel-
lite and the ground reception points, Scientists of a number of socialist

- countries participated in the formulation of a scientific program of these
satellites and the tachnical requirements for the on-board scientific appa-
ratus, as well as in carrying out the observations,

- "Intercosmos" sataellites have also been used to analyze the radiation situ-
ation in the near-earth space, study the link between the dynamic processes
in the radiation belts of Farth with solar activity, and investigation of the
nature and spectrum of low-frequency electromagnetic oscillations in the
uppex ionosphere.

The successive expsriments on the satellites "Intercosmos" were promoted by
the extensive ground astronomical and ionospheric observations carried out
by many observatories and ionospheric stations of the socialist countries.
The simultaneous use of telemetric information from satellites and data of

ground measurements considerably enrich the picture of the studied processes.
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In addition to the satellite studies program "Intercosmos" includes experi-
- ments carried out with the help of meteorological and geophysical rockets,
- Rockst studies supplement the satellite experiments, and at the sana time have
an independent importance. They make it possible to obtain the characteristic
of a vertical atmospheric section, including altitudes not accessible for -
satellites. The data of rocket measurements can be easily linked in time and
place,

In order to conduct such experiments the Soviet Union has presented to its
partners meteorological rockets, as well as a powerful geophysical rocket with
lifting altitude about 500 km. The first rocket of such type--"Vertikal'-1"..
was launched from the European section of the USSR on 28 November 1970, In -
the experiments conducted with its help, at all stages--from the creation of
the apparatus to its testing, installation on the rocket and launching--the
scientists of Bulgaria, Rungary, the GDR, Poland, the USSR and Czechoslovakia

- participated. The task of the launching included: measurement of a number of
structural parameters in the ionosphere, investigation of solar radiationm,
study of physical and chemical properties of meteor particles.

Colleagues of four scientific research institutes of the USSR and six insti-
tutes of other socialist countries participated only in the development and
manufacture of the scientific apparatus for this rocket. A railroad platform
was required to deliver the ground unit manufactured in the GDR for the exper-
iment that was designed to conduct the concomitant measurements of radio wave
ahsorption. The total weight of the scientific and service apparatus on the
rocket was about 1.3 T. -

The successful experiments conducted on the program "Interkosmos" will be

continued in future years on new satellites and research rockets. Here the

complexity of the scientific tasks to be solved continually rises, and the

jointly created apparatus is being perfected. New socialist countries and -
new collectives of scientists are being added to the work on direct measure-

ments in space. -

Besides direct measurements from on board the satellites and rockets the
scientists find out many new things about the universe by using so-called
indirect methods of observation. Among them optic observations of artificial
earth satellites occupy a prominent place (visual, photographic, and photo-
metric). Such observations make it possible to invaestigate atmospheric den-
sity at the altitude of the satellita's perigea, irregularity in the earth's
gravitational field, to establish geodesic links at great distances and in -
difficult to reach regions, to conduct an ephemeris service that is necessary

- to predict the movement of satellites and control the operatiom- of their
scientific apparatus. Optic observations are an important means of tracking
space objects on which the sources of energy have dried up.

The joint work of the scientists of the socialist countries on observations
of artificial earth satellites and the use of these cbservations to solve
scientific and practical problems began with the launching of the first Soviet
satellite in 1957. 1Initially such work was carried out based on bilateral
agreerents. The accumulated experience permitted, starting in 1962, a
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transition to multilateral cooperation for observation of artificial satel-
lites, which opaned up the possibilit

research programs requiring the

y of implementing more complex scientific
collective work of observers in many countries,
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* Flight pattern of rocket "Vertikal'-1"
R Key:
1. Opening of cover of releasable 3, Free fall
container and extension of rod
vith scientific equipment sensors 4, Oponing of parachute
2, Closing of cover and separation
of releasable container
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An important slement i{n the cooperation of socialist countries in the field
of space physics is also joint observations carried out on astronomical radio-
astronomical and geophysical observatories and stations, which creates the
prerequisites for a successful carrying out of geophysical expariments on a
planetary scale.

The cooperation of egcialist countries is spread not only to the field of
scientific research of outer space, but also includes the practical applications,
for example in the operational weather service with the puvpose of increasing
the quality of forecasts,

In addition to the development of an intrastate system of communication through
artificial earth satellites the Soviet Union is actively participating in the
creation of an international system of space communication. When the active
stations "Orbita" began to operate in February 1970 in Mongolia transmissions
on the system "Orbita'" went beyond the borders of the Soviet Union. Then a
station was set up in Cuba, In a number of socialist countries scientific
research and experimental design work is underway on a system of comuunication
through artificial earth satellites ''Intersputnik."

A good foundation for cooperation is the advances attained by the USSR scien-
tists and other socialist countries in aviation and space biology and medicine,
_ as well as in the related fields of sciences. The scientists of Bulgaria,
. Hungary, Poland, Romania, Czechoslovakia and the Soviet Union are conducting
joint research on more than twenty topics. In the determination of these topice
the traditional scientific directions of research institutions of individual
countries were considered, their equipping with the necessary scientific appa-
ratus, and the presence of trained personnel. Already che first specific
results have been obtained in the fulfillment of joint wozk on the problems
of space physiology, radiation safety of space flights, and pharmacochemical
protection from ionizing radiation.

An investigation of the physical properties of outer space with the help of
satellites and rockets, space meteorology, space communications, space biology
and medicine-.-these are four of the main elements in the program "Intercosmos,"
four of the trends in cooperation with the socialist countries in investigating
and developiny; outer space.

Over a number of years the successful cooperation has continued in the fulfill-
ment of space experiments of Soviet and French specialists.

In October 1967 the first experiment took placu that was provided for by a
Franco-Soviet agraement. Apparatus developed by the French scientists for the

- formation of noctilucent clouds was installed on Soviet meteorological rockets.
The experiment had the goal of measuring the temperature of the upper atmo-
spheric layers. Observations during the experirent were carried out simultane-
ously from the earth!s surface by a Soviet specialist, and from on board the
airplane laboratory by French scientists.

The Soviet and French scientists are jointly investigating a complex of electro-
magnetic phencmena at magnetically-associated points of Earth located in the
Northern and Southern Hemispheres. Both on the island of Kerguelen in the
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Indian Ocean, and in the settlement of Sogra in the Arkhangel'skaya oblast the
Soviet and French scientists are working together.

The French apparatus for the experiment to investigate solar radio emission in
the meter range of radio waves (projact "Stereo") has been installed on Soviet
automatic stationsin the series "Mars," Work has been carried out to create
a radio interferameter with base Earth-moon. The French laser reflectors have
reached the moon in Soviet spacecrafts. According to the program of Soviet-

_ French cooperation in the field of studying outer space -he satellite "Oreol"

- has been launched that is designed to investigate the upper atmosphere of Earth
and the nature of the aurora borealis.

Within the framework of the Soviet-French program "Araks' an.experiment has
been carried out on sounding the magnetosphere by rapid electrons and on the
formation of artificial aurora borealis.

The cooperation of Soviet scientists with scientists in the developing countries
is evolving successfully; the developing countries are striving to their fea-
sitle contribution to outer space study. The Soviet Union is participating in
works to prepare research on an international rocket site Khumba in India. The
United States, France and other countries besides India and the Soviet Union
ara participating in these studies. Already for several years the Soviet
meteorological rockets have regularly started from this test site. In May

1972 an agreemsnt was signed between the USSR Academy of Sciences e::d the
Indian organization to study space for coopera:ing in creating and launching
the first Indian satellite. The satellite was designed by Indfan scientists,
it was manufactured at Indian enterprises, but a Soviet rocket put it into
orbit in 1975,

In a number of countries of Asia and Africa wi:h the help of the Soviet Union
stations have been created and are being creatad for observation of artificial
earth satellites and other space objects. Help in the organization of such
stations and training of national persomnel for their maintenance make it
possible to include in the general work of investigating and developing outer
space thosae countries which as yet cannot conduct independent studies on
rockets and satellites,

The laboratories of many countries in the world have received for study samples
of lunar soil sent to earth by Soviet automatic stations "Luna-16" and "Luna-
- 20,"

The necessary conditions are available for a realization of certain joint space
programs between the scientists of the USSR and the United States. The foun-
dation for Soviet-American cooperation in thig region was laid by a special
agreement concluded between the USSR Academy of Sciences and the United States
National Aeronautics and Space Administration on 8 July 1962. Later, in
October 1965 it was supplemented by an agreement on the preparation and setting
up of joint work on space biology and medicine.*

*The publication was issued in 1975 in three volumes--in the Soviaet Union
(in the publighing house Nauka) in Russian, and in the United States in
English.
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The scientists and specialists of both countries have agreed upon the imple-
mentation of cooperation in the first place in three directions: space meteor-
ology, space communications, and study of the earth's magnetism,

In 1964 the first Soviet-American experiment was carried out in the fiald of
space comminications with the help of the American passive communications
satellite "Echo-2," Through a direct communication channel established between
the world metaorological centers in Moscow and Washington a regular transmis-
sion of meteorological information both ordinary, and that received from the
satellites 1s being carried out. Soviet-American negotiations have taken
place on questions of cooperation in the field of lunar cartogriphy. An
exchange has taken place of abtained samples of lunar soil, Extensive work
has been carried out to prepare a Soviet-American space flight on a near-earth
orbit with docking of the spacecraft,

The solution to the problem of docking of crafts in orbit is one of the most
important advances of space technology of recent years, It is known that
putting only 1 kilogram of weight into an orbit of an artificial satellite
requires about 50 kg of starting weight of the booster rocket. One can imagine
the weight that a rocket must have at starting that is designed to carry out
a flight of man to planets in the solar system. It will be numbered in the
hundreds of thousands of tons. Such booster rockets are unique designs that
require a complex step-by-step working out under ground and flight conditions.
Colossal starting structures are nocessary for their launching. It is consi-
derably mare economical to assemble interplanetary craft necessary for man's
flight to planets of the solar system from individual components put into
orbit by comparatively low-power rocket boosters.

Expeditions to planets in the solar system are senseless without docking not

_ only around Earth,but aleo around the destination planet, where apparently
orbital base stations will be created. From them to the surface of the studied
planet flights are made both by automatic probes, and crafts with crew which
after the fulfillment of the research program begin to return to the orbital
station. From this base crafts with cosmonauts will also blast off for
earth, All of these operations are linked with the carrying out of approach
and docking of epacecrafts in orbit,

The tomorrow of astronautics is the creation of large orbital scientific
stations with lengthy existence, Thase stations will be set up also from
individual blocks by their assembly in orbit., It will be necessary to provide

_ continuous supply of the stations, replenishment of the fuel supplies, change
of aggregates and apparatus with the help of transport craft. All of these
operations of course require the multiple execution of operations of approach
and docking in space,

And finally, the rendering of assistance to a spacecraft in trouble is sense-
less without the approach and docking with it of a craft that has come to its
rescue. This can occur, for example, during the breakdown of equipment which
guarantees the deceleration of the craft during descent from orbit and
landing on Earth. However mutual assistance in space is practically impos-
sible if the crafts are not equipped with the necessary means of search,
approach and docking, and if one cannot switch from one craft to another.
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The striving to create the technical foundation for a system of mutual help
in space was one of the main reasons for the signing on 24 May 1972 between
the Soviet Union and the United States of an agreement which, in particular,
provides for the development of joint means of approach and docking of space-
crafts and stations. This agreement envisaged as the first experimental stage
the impleaentation of docking and a joint flight of the Soviet spacecraft
"Soyuz' and the American craft "Apollo" with the mutual switching of cosmo-
nauts from one craft to another, which was successfully executed in 1975,

The signing of this agreement was preceeded by a number of meatings of Soviet
and American specialists (they began in 1970) at which principles of cooper-
ation between the Soviet Union and the United States in solving technical prob-
lems linked to docking of crafts and stations were worked out. For work on
different aspects of this progrem several working groups were set up which met
many times to discuss the principles and specific proposals for the creation
of joint systems that would permit docking and transition from craft to craft,

Since the very beginning it was evident that the task of preparing the crafts
"'Soyuz" and "Apollo" for the implementation of the program approach, docking,
joint flight and transition of cosmonauts from craft to craft was very compli-
cated and its solution required great efforts by both the Soviet and the Amer-
ican sides. The fact is that there were no contacts betwean tha developers
of the spacecrafts. The designs were based on different principles since at
that time neither side had docking in mind.,

In order for each craft if necessary to approach and dock with any other craft
it 1s necessary to carry out three main conditions: compatibility of the
docking aggregates, 1.e. all devices which diractly adjoin during docking;
compatibility of the resources that guarantee the searching and approaching
of the crafts; and compatibility of the parameters of the atmosphere in the
craft, in particular its composition and pressure,

In addition to the compatibility of the docking aggregates the design and
automatics of each of them had to be universal, active-passive or, as it is
now customary to say, androgynous. In other words, each docking aggregate
must execute all the necessary functions both on the active craft, and on the
passive: for any craft can be in the position of expecting help and in the
role of coming to assist.

The extant designs of Soviet and American docking aggregates differed so much
that mutual docking was completely excluded. Moreover, the joint development
of a design of docking aggregates showed that none of then could be used as
the foundation for creating a new universal aggregate, This is primarily
because on "Soyuz" and on "Apollo" the docking assemblies were made on the
scheme "pin-cone" (pin with clamp on the active craft and reception cone on
the passive).

The Soviet and American specialists had to develop a design of a completely
new, completely compatible androgynous docking aggregate with peripheral
arrangement of the locks which could be used on both "Soyuz" and on “Apollo."
In 1972 models of this aggregate passed laboratory testing.
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The compatibility of the resources guaranteeing the search and approach of

the crafts was a no less complicated task. The active craft, using radio engi-
neering or optic resources had to find (of course, with the help of ground
services) the passive craft and approach it.

The main-engines system of Lhe actlve craft makes it possible for it

to maneuver, by changing all six coordinates of its position (three coordinates
of the center of mass and three angles) and the corresponding components of
velocity., As a result of the maneuver the active craft must approach the
passive with assigned accuracy for all the relative parameters of velocity and
mutual position in space, and guarantee in the final analysis mechanical
contact on the docking aggregates of both crafta,

As a rule, the passive craft with the help of its radio system assists the
active craft in carrying out the search and approach. In certain cases the
passive craft executes a limited maneuver upon command from Earth or from the
active craft. But it can also happen that a craft in trouble will not have
the possibility of maneuvering. 1In the orbital system of coordinates it will
in this case be simply a body occupying a random position in space.

During the search and approach the radio systems of both crafts operate jointly.
For this they must be constructed on the same principles, use single methods

of measuring parameters of relative movement, the same type of modulation,
matched frequencies, power of the transmitters, sensitivity of the raceivers,
and beam pattern of the antennas and other characteristics.

In order to determine the relative position and parameters of mutual movement
of space objects each of the craft, both "Soyuz" and "Apollo" have their own
radio systems. Their characteristics, including the characteristics of the
information used significantly differ. In the joint experimental £light it
was decided to implement the search and measurement of parameters of relative
movement (radial velocity end distance) with the help of the radio system of
"Apollo" which acted as the active craft. On "Soyuz" the reciprocal part of
the radio system of "Apollo'--the transponder was installed. During approach
of the crafts the optic system was also used with the help of which "Apollo"
could observe "Soyuz" from a distance of several hundreds of kilomaters, as
well as determine the angular position of the sighting line. For optic mea-
surements in darkness (from a distance of several tens of kilometers) impulse
light beacons were installed on "Soyuz," On the final segment of approach
the precise mutual position of the crafts was determined visually.

All the measuring information entered the on-board computer which made recom-
mendations necessary for controlling the craft.

As for the third condition of compatibility, the matching of atmospheric para-
meters of the crafts, it does not requive especial explanation. It is quite
evident that even after the crafts dock the cosmonauts do not transfer from

" one to the other 1f there are significantly different atmospheres in the
crafts, On "Soyuz" the atmosphere was practically analogous to the earth's

" atmosphere which we are accustomed: pressure 760 mmHg , content of oxygen
17-33%, nitrogen 82-66%. '"Apollo" used atmosphere with 1007 content of
oxygen and pressure 260 mmHg. Such a difference in atmospheres did not
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permit the transitional lalches to be opened after docking of the crafts
and comnunication between the living compartwents, It was also impossible
to have rapid transition of the crew members from one craft to another.

It was also impossible to unite the atmosphere of "Soyuz" and "Apollo" also
bacause the air conditioning systems on thesa crafts were constructed on
completely different principles. Continuous regeneration of atmosphare occurs
in "Soyuz"--special duvices absorb carbon dioxide and release pure oxygen by
breakdown of alkaline metals. The intensity of this process is controlled

by automatic devices regulating the atmospheric composition. On "Apollo"
carbon dioxide is absorbed by nonrecoverable absorbers, while the necessary
content of oxygen is maintained by the on-board supply in cylinders. Unifioa-
tion of the atmosphere of the crafts with such different systems of air
conditioning would have resulted in a disorder in the automatics of these
systems, and disruption of their normal operation.

For the joint f£light "Soyug"-"Apollo" creation of & transitional (docking)
nodule was provided with a unique lock-gate chamber which after docking was
arranged between the manned compartments of the cxafts on the path of the
cosmonauts from one craft to another,

The transitional module was a component part (compartment) of the craft "Apollo"
and it was put into orbit together with it, In order to switch, for example,
from "Soyuz" to "Apollo" the cosmonaut had to open the trap door in the tran-
sitional module in which by this time the atmosphere had been created corras-
ponding to the atmosphere of "Soyuz", enter the module, close behind him the
trap door and pass through the process of desaturation. The pressure in the
transitional module was gradually reduced, the percentage content of oxygen

was increased. By the end of desaturation in the transitional module a purely
oxygen medium had been established with pressure 260 mmHg., The cosmonaut was
prepared to transfer to "Apollo,"

The reverse passage also occurred through the lock-gate chamber ‘'transitional
module" and was accompanied by a gradual change in the parameters of {ts
atmosphere.

As already noted, desaturation is a lengthy process, and essentially, excludes
the rapid transition from craft to craft. One can do without desaturation and
radically solve the problem of transfer only by bringing the parameters of
the atmosphere in the crafts close together, for example by reducing the

- nominal pressure in the compartments of "Soyuz." The fact is that in the
transfer of the cosmonaut to a purely oxygen medium with pressure 260 mmHg
the nitrogen dissolved in his organism with pressure no greater than 500 maHg
does not present a danger. In this case one can abandon the process of desa--
turation, Such a variant, although it is linked to a number of difficulties
and inconveniences, was adopted for the joint flight of the crafts “Soyuz"
and "Apollo" as the main variant.

The joint flight of "Soyuz" and "Apollo" also required extensive work in
relation to flight control. It has its own problems of compatibility--tech-
nical and organizational,

57
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100040038-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000100040038-5

- FOR OFFICIAL USE ONLY

The joint f£light, mutual maneuver, approach and docking of the crafts was
impossible without reliable radio communication between them, and commu-
nication with the ground tracking points. In order to guarantee such commu-
nication on "Soyuz" and "Apollo" additional radio systems wera inatalled
operating on frequencies accepted both by the Soviet and by the American side.
Reliable multichannel  communication and a precise interaction of the

Soviet and American ground command moasuring resources and light control centers
were also required.

The Soviet and American specialists jointly developed a detailed £1light program.
The important task was also the special preparation of the crews, their
training, familiarity with individual components of aquipment of the other
craft, study by Soviet cosmonauts of Inglish, and American of Russian.

The program of scisntific experiments on board the apacecrafts "Soyuz" and
"Apollo" provided for both independent and joint studies. In 1973 at the
March and July meetings of Soviet and American specialists five joint scien-
tific experiments were approved,

The experimsnt “ultraviolet absorption' was proposed by the American scientists
and designed to measure the concentration of atomic oxygen and nitrogen in
outer space at the altitude of the flight of the crafts, The scientists of
the Institute of Space Research of the USSR Academy of Sciences participated

\ in the development of a technique for carrying it out. The apparatus was
manufactured in the United States.

The essence of the experimant consisted of the fact that on one spacecraft a
source of radiation was installed in the reception apparatus, and on the other--
V-reflectors. By recording the changes in intensity of radiation on the path
from one craft to another and back one can draw conculsions about the compo-
sition and temperature of the atmosphere at the flight altitude. Carrying out
the experiment raquired fairly complex maneuvering in orbit and was started
after the final separation of the crafts.

It should be noted that a reliabie determination of density of armospheric
oxygen and nitrogen is completely necessary for a deeper knowledge of the
physics of the earth's atmosphera. Until recently the main tool for the study
of the chemical composition in the upper atmosphere was mass-spectrometers of
different types. However the flight of the spacecraft in the upper atmosphere
i8 accompanied by the release from its surface of gas particles. Its own
"atmosphere" 18 formed around the craft, Its density can be altered depending
on the intensity of solar illumination, light altitude, and so forth. At the
same time it is difficult to consider such changes, and they result in errors
in atmospheric parameter measurements with the help of mass-spectrometers.
With the use of the method of ultraviolet absorption the influence of the
“"atmogphere" of the craft can be compleiely excluded. The experiment "ultra-
violet absorption" also permitted a comparison of the findings with results of
already made mass-spectrometer measurements.

The second experiment--"artificial solar eclipse" was proposed by the scien-
tists of the Institute of Terrestrial Magnetism, Ionosphere and Radiowave
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Propagation of the USSR Academy of Sciences. The axperiment could be carried
out only with the participation of both cxafts during their joint flight, The
spacecraft "Apollo" that had a round crose gection took upon itself the role
of the moon, while the eclipse was photographed from on board "Soyuz," Of
decisive importance in the experiment was the precise calculation of the move-
ment and matched movements of the craews carrying out the msneuvers,

In addition to an observation of the corona the experiment included photo-
graphing the "atmosphere" around the "Apollo" craft. On board "Soyuz" a
search was also carried out for coronal rays on the nocturnal sky when the
sun was glightly below the horizon.

Two experiments were associated with biological problems. One of them studied
the so-called zona-forming fungi--a special species of mold that does not
require for development any special condition and nutrient medium. The fungi
multiply with the help of unique ring spores, whareby everyday one fungus
throws out one ring., The experiment was set up in order to investigate the
problem of genetic changes, as well as the influence of radiation on living
organisms. To carry out this experiment the Soviet scientists developed a
spacial instrument "Ritm-1,"

The other biological experiment, "microbial exchange," had the task of avalu-
ating the nature of natural exchange of aicroorganisms under conditions of a
space flight batween crew members and between the crews of different crafts,
The findings are being used to formulate recommandations for the prevention
of human diseases in long space flights.,

And finally the last group of joint experiments was linked to an investigation
of the influence of weightlessness on the processes of melting and crystalli-
zation of different materials. The experiments were proposed by the American
ecientists and united under the general conditional name "universal furnace,"
The Soviet portion of the scientific program of these studies was devaloped

in the Institute of Metallurgy of the USSR Academy of Sciences.

The "universal furnace" was installed in the docking module of the "Apollo"
craft, vhile the samples for testing were placed on the craft "Soyuz." To
study the effect of weightlessness on the process of melting a mixture of
metals with different specific characteristics aluminum vwas selected containing
tungsten globules arranged in a certain manner. The mixture was heated under
coaditions of weightlessness up to 1,100°, The goal of the experiment was to
investigate the basic possibility of craating by metallurgical means under
conditions of weightlessness composite materials with previously formed struc-
ture from elements with significantly different weights. Under terrestrial
conditions the process is impossible.

. The obtaining of monocrystals of semiconductors made of liquid melt was inves-
tigated with the example of germanium containing 20% silicon by weight. The
process of sphere-formation under conditions of weightlessness was studied on
the example of melting aluminum powder.

The experiment "universal furnace" laid the foundatioms for production in the
future of monocrystals in orbital space stations. The initial materials will
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be manufactured on Earth and sent into space, while the finished items will
be sent back to Earth,

- Already during the flight of the craft "Apolle" a decision was adoptad to
conduct yet another joint scientific experiment. For the first time in world
prectice in space research observations were made of x-ray sources from on
board two manned apparatus. "Apollo" had an x-ray telescope analogous to the
telescope "Filin" inetalled on the station "Salyut-4," Simultaneous obser-
vations or those close in time make it possible to carry out a mutual compar-
ison of measurements, analyze the stream of radiation with different temporal
scale, and exclude the effect of systematic errors in instruments,

Thus, whereas at the first stage tha cooperation of the USSR and the United

- States in space rasearch was limited mainly to an exchange and discussion of
findings, the comparison of techniques, and at best, coordination of certain
plans, the joint flight of "Soyuz" and "Apollo" made the first step towards
"compatibility" of the programs of two space powers in the direct sense of
the word. It designates a qualitatively new stage in the development of
astronautics that is of great importance for its future.

A considerable number of public and intergovernmental organizations are
currently involved with the questions of investigating and using space in a
certain plan. In the family of so-called specialized institutions of the
United Nations alone the problems of developing space are of irt erest to the
International Union of Telecommunication, the World Meteorological Organi-
zation, United Nations Organization on Education, Science and Culture, the
- World Health Organization, the International Organization of Civil Aviation,
and others. Among the public scientific organizations questions of space
research have a direct relationship to the activity of a number of scientific
unions and committees that are united by the International Council of Scien-
tific Unions. The Association and Institute of International Law have made
their contribution to the formulation of legal aspects of space development.

These and many other organizations coantribute to the development of inter-
national cooperation in the study and use of outer space. In addition to
them there is a small group of organizations that has been especially set up
to coordinate, regulate or implement international and national programs for
the investigation and development of outer space. They include the Committee
on Space Research, COSPAR, It was established on the initiative of the
International Council of Scientific Unions in October 1958 in order to
continue cooperation in investigating upper layers of the atmosphere in space
that was formed in the period of International Geophysical Year. The
committee unites the leading scientific institutions of over 35 countries

and 10 international scientific unions, whose activity 1s linked to space
research,

Among the intergovernmental organizations involved in space problems a
leading place belongs to the United Nations Committee on the Use of Outer
"Space for Peaceful Purposes. The committee which includes 37 states is a
center for cooperation in the peaceful use of outer space. The Soviet Union
has made its constructive proposals on all questions discussed in the com-
mittee.
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In the course of recent years considerable progress has been attained on the
path of international cooperation on legal questions of developing space, On
10 October 1967 an agreement was signed on the principles of activity of
states to research and use outer space, including the moon and other calestial
bodies. Starting on 3 December 1968 the second international agreement on
space acquired the force of an international law-sthe agreement on rescue of
cosmonauts, the return of cosmonauts and verurn of objects launched into outer
space.

The main significance of these documents adopted on the initiative of the
Soviet Union consists of the creation of such a legal order in space which to
the maximum degree would promote the development of broad and equitable coop-
eration of states in the study and use of outer space for peaceful purposas,

"Space must become the arena of scientific research, internatiomal cooperation,
and not the arena of hostile conflicts," these words, expressed by L. I.
Brezhnev at the meeting in honor of the heroic flight of the cosmonaut G. T.
Beregovoy expressed the essence of the Soviet Union's policy in the field of
space development.

Having been the first to lay the stellar road for mankind the Soviet Union
places its achievements in research and the use of outer space for the service
of peace and international cooparation.

Chapter 9, Outlook for Space Research*

Currently space research is entering a new phase. It is becoming a normal
type of scientific research activity, while space is becoming a work site, and
a laboratory for scientists, After the first, one can say, reconnaissance
experiments an era bagan of systematic research, while the future decades will
undoubtedly be marked by even greater advances. In future years the main prob-
lems of researching the near-earth space will remain further investigation of
the earth's upper atmosphere, magnetosphere, and solar-terrustrial bonds., We
are only approaching an understanding of such phenomena of nature as aurora
borealis, magnetic stoms, and the radiation belts of Earth, The only way to
guess the mechanism for their occurrence--setting up of comprehensive experi-
ments on Earth and in space, and the simultaneous study of these phenomena

as a whole.

Works on geophysics are gradually outgrowing the framework of near-earth
outer space and going into the interplanetary medium. Investigation of the
processes occurring there is extremely necessary for a more detailed explana-
tion of solar-earth bonds and determination of the effect of the sun on
Earth, These problems will be solved based on large automatic stations that
carry a complicated set of instruments.

*The predictions and projects discussed in this chapter have been published
in Soviet and foreign press at different times.
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Besides the passive, purely measuring methods an ever greater role will be
played by active experiments in space--active intrusion in the processes
occurring in the space medium, with the help of sources of plasma, electron
and ion beams, Such experiments will make it jossible, in particular, to
verify many hypotheses on the structure of the magnetosphera and the behavior
of particles in it, the mechanism for formation of aurora borealis, and in the
final analysis--raising of the question of the controlled offect on the near-
earth space,

The further davelopment of extra atmospheric st:udies of the sun in the X-ray,
ultraviolet, infrared, submillimetor and radio ranges of the spectrum is
planned, and specialized solar satellites will be created.

The studies of solar physjics are associated not only with the fact that the
processes on our star detemine the physical condition of the interplanetary
mediun, atmosphere of planets and life on Farth, The sun is the closest star
to us and supplies information on the processes in the stars. Investigation
of the sun makes it possible to explain questions of the transformation and
transmission of energy from a central source into the photosphere and further;
the origin, evolution and distribution of the nolar magnetic field; nature of
differential rotation, solar activity, and high-energy phenomena on the sun;

. chemical composition and nature of the photospliere, chromosphere and corona.

The further development of research of the moon, Venus, and Mars based on
rocket space technology will be continued. aAhcad lies the massive creation
of resources for studying planets, their surfaces, interior of the atmosphere,
radiation and magnetic fields.

The accumulated experience of space research indicates that the broad circle
of scientific problems, primarily problems associated with investigation of the
moon and planets can also be solved with the help of automatic machines. A
promising direction is the realization of plans for studying planets by auto-
matic machines that possess a high degree of autonomy during movement over the
surface of the celestial bodies, and the ability to perceive the environment,
analyze it and make decisions on further actions depending on the situation.
The creation of such aucomatic resources is linked to solution of the problems
united by the concepts of artificial intellect and integrated robots,

Nevertheless the direct participation of man in the experiments on board space-
crafts is a nacessary factor of space ressarch and the future in space belongs
precigsely to man. Automatic machines lay the path for him, The flight of

Yu, A. Gagarin marked one of the greatest conquests of human thought of the
20th century. After "Vostok" newer and newer spacecrafts were launched.

People have already been even on the moon. As a result of all these flights

it was proved that man can live and work in space, and carry out planetary
voyages. One of the next problems on this path will apparently be the creation
of long-term orbital space laboratories.

What horizons are opened up by the creation of a large scientific complex on
a near-earth orbit? What does the solution to this problem provide mankind?
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First of all the national economic importance of orbital stations is inesti-
mable. We have already spoken of the problems that can be solved with their
- help. One can name such problems as mapping of the earth's surface. 4s of
_ now almost half of the territory of our planat (according to tha data of
UNESCO, about 40%) does not have detailed maps. The topographers of oxbital
stations will be able with high accuracy to establish the coordinates of very
distant points, pinpoint the position of objects on aerial photographs, and
datexmine the coordinates of islands, veefs and shallows. By sexving enormous
sections of the planet they can significantly accelerate the mapping of
regions of difficult accees,

Orbital laboratories will render an invaluable service also in the study of
natural resources of the planet, Investigation of the composition of the
terrastrial crust, the nonuniformities in its ma88, examination of gravitational
and magnetic anomalies from on board orbital space stations will help to

reveal previously unknown deposits of minerals.

Fran orbit one can study the water resources of HRrth. On photographs obtained
from space snow and ice covers are clearly visible. Determination of the
correlation of territories free from snow and covered with snow is of espacial
interest for predicting floods, makes it possible to determine the floodplains
and river deltas that can bae filled with water, and major basins with stagnant
and running water. Analysis of photographs makes it possible to establish

the region of exit of underground waters to tha surface, the salinity of soils,
and their erosion. And all of this on the scale of entire countries. The
world hydrological service created on the basis of orbital stations will nake
it possible to obtain exhaustive ideas on the water resources of our planet

and formulate scientific recommendations for their expenditure.

Scientific laboratories in orbits will permit a considerable expansion in thae
research work to investigate the near-earth ourer space. The magnetic field
of earth will become a constant object of study, which will promote an
increase in the accuracy of navigation, and a solution to navigational prob-
lems 1in aviation. Magnetometric apparatus installed on board of such stations
will permit magnetic photographing much more rapidly than by surface methods,
and over a considerably greater portion of the earth's surface.

Biological laboratorias will also appear on orbital space stations., The
biologists will be able to conduct extensive busic research on the effect of
a lengthy stay in weightlessness on living organisms, and investigate ques-
tions linked to man's adaptability to unusual conditions of space flight,
No less important is the problem of the existence of 1ife outside Barth. Its
solution, possibly, will be helped by studies of the microbial content of

- the upper layers of the atmosphere, and chemicel analysis of meteors,

The figure (p 64) presents one of the many pub)ished plans for an orbital
station made as a cylinder with two walls. Such a design follows from the
requirements of thermal, anti-radiation and anti-meteor protection. The

- outer screen is made of beryllium, while the irner wall is aluminum. Within
the cylinder there are research laboratories and a control center. The
design provides for outer chambers for conduct) ng research directly in the

- space medium.
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Plan of Orbital Station of Rigid Design for Cdnducting Geophysical, Astro-
nomical and Medical-Biological Studies

Key:
1. Space laboratories 6. Rocket apparatus
2. Antenna 7. Medical laboratory
3. Astronomical and geophysical 8. Telescope .
laboratory 9. Teleecopic reflector

4, Biochemical laboratory
5. Control center

The crews of the orbital stations will conduct a number of studies of an
industrial nature, since scientists assume that many production processes
can be carried out much more easily in space than on earth, Thus the force
of gravity under terrestrial conditions promotes the settling of heavy compo-
nents in solidifying liquids, while light compcnents remain on the surface.
It 1is possible that under conditions of weightlessness such liquids will be
cooled and hardened with an equal degree of density. Such objects as ball
bearings, lenses, mirrors and many others will be produced in space with such
accuracy that is impossible under terrestrial conditions. The advantages in
the quality and energy saving, for example, in the production of ball bearings
under space conditions, their strength and dursbility completely justifies

: the outlays for the creation of an "orbital plent," The electrostatic fields,
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capillary forces and forces of surface tension can become instruments in the
treatment of cast objects in space, Enormous outlooks are opened for the
optic industry, in particular in the production of large-high quality lenses,
of especial importance for astronomists,

It 18 evident that in the future on the near-earth orbital stations unique
astronomical observatories will be set up. The astrophysicists will also
obtain excellent potentialities for their studies.

One can imagine a relatively inaxpensive space astronomical obgervatory with
two large telescopes. The station itself will be the second stage in the two-
stage rocket, During the putting into orbit the second stage, equipped
with one liquid-propellant rocket éngine will be a tank for fuel within which
all the mechanisms of control and different equipment will be placed in a
spacial compartment. 1In the nose section thera will be a capsula with the
crew of the station. Subsequently the capsule will become the means for
returning to Earth, At the moment of putting into orbit the tanks of the
station are filled with fuel and the crew is located in the capsule. After
going into orbit the tanks are purged by a stream of nitrogen, Simultaneously
a multiple change occurs in the orientation of the rocket to heat the tank by
solar rays. Then one of the crew members, passing into the central compart-
ment from the capsule wearing a spacesuit hermetically seals the tank and opens
the trap doors for the equipment compartments. After checking with nitrogen
the hermetic sealing the tank is filled with alr and the remaining crew
members entor it., The central compartment is transferred to a working condi-
tion, and then the shields of the nose cone are opened on whose inner surface
the solar batteries are located. The station receives current. One of the
crew members in a spacesuit goas outside and assembles the extérnal equipment.

For the creation of large orbital space stations it is evidently necessary to
use assembly in orbit of individual components previously supplied therae,
Assembly in orbit will significantly draw near =he periods for creating large
stations. Their assembly directly in orbit of sections and blocks supplied
from Earth will make it possible to obtain a dasign that is more adapted to
orbital conditions, In this case it will not e necessary to calculate the
design of the station for those conside.able asrodynamic, inertial, and thermal
loads that accompany the launching and flight on the active segment of the
trajectory, If the station will be put into ocbit dirvectly from Earth, these
loads result in a heavier design, although the duration of their action will
comprise a negligible fraction of the total existence time of the station in
orbit. 1f necessary one will be able to adjust the assembled station in
dccordance with the changing scientific and technical tasks.

The orbital stations will be made up of the most diverse assembly units, for
example from housings of the last stages of the rocket boosters or special
model sections from which can assemble stations of different target purpose.
Each section can be, for example, a laboratory of specific purpose or a
living compartment, and have equipment which ajter assembly of the station
becomes a component part of the general system of energy supply and life
support of the crew. The most expedient is the geometrical shape of a model
station--gphere or cylinder. The sections of such shape have the least
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weight with the assigned useful volume. They are convenient to assemble and
fit well into the contour of the rocket boosters. The station that 1is
assembled from cylindrical and spherical blocks can have a different configux-
ation.

The model construction in space will make it possible to reduce the time neces-
sary for the assembly of orbital stations, and mechanize to the maximum the
assembly operations,

For outside work the cosmonaut-assembler will have spacusuits with autonomous
life support system. In order to preserve the specific position in space it
will be necessary to equip the cosmo:aut with a stabilization system., It will
include sensitive elements, for example gyroscopes, and executive organs--
minature jet engines. For movement outside the station the cosmonaut-assembler
will have to have individual means of advance: waist miniatme engines, jet
pistols, and so forth,

Assembly Capsule

Key:
1. Mounting stabilizer 5. Illuminator
2. Trap door 6. Special surveying tool
3. Maneuver jets 7. Surveying glove
4, Outer ratil 8. Power cable, communication and air

hose

However, lengthy work outside the station still presents considerable diffi-
culties for the cosmonauts. Weightlessness, for example, will impair the
execution of many, even the most elementary opurations of assembly, Neither

a puller, nor tools with the minimum torque aml the weakest impact energy
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will help here--one approach to error can repulse tho cosmonaut a considerable
distance from the craft.

Perhaps, it will be necessary to completely abandon threaded connections in the
docking assemblies of tha sectional design, having replaced them with welding,
or develop special adaptations for welding which would exclude the necegsity

of rotational movements, for example a tool that has a zero torque,

Certain designers propose using in the work of the cosmonaut on the external

surface of the craft a special outfit in the form of a tripod whose upper sec-

tion encompassaes the back of the cosmonaut, while the legs with hinge connec-

tion attach securel to the outer lining of the craft. The cosmonaut will be
- able to work with two hands.

The cosmonaut will be able to carry out certain work in orbit without going
into open space, hut by using small hermetically sealed capsules which will
be sent into orbit on board the spacecraft (or orbital station). In thase
capsules man will be abla to work without a spacesuft which inhibits the move-
ment of the cosmonaut, For convenience of work and to provide safety the
capsule can be fastened to the servicable object by strong but easily opaned
and closed clamps, The capsule that has six degrees of freedom will have to
be equipped with motor units to control its movement and stabilization. The
cosmonaut in the capsule and involved in the assembly of the station in orbit
will have to have certain motor habits to preserve orientation in space and
possass visual-motor coordination to control his body and the capsule in space.

Special flying assembly apparatus will also be created, something like space
towing cranes controlled by man. Such apparatus will preferably have a hermet-
ically sealed cabin for two people, autonomous motor unit for maneuvering in
orbit, and different apparatus for control and comaunication, including a calcu-
lator., To fulfill the assembly work it will have mechanical arms--manipulators
which can carry out all possible operations. The manipulator arms will be
manufactured from metal pipes, in whose joint small electric motors will be
installed that put them irto motion. On the outer walls of the housing of

the astrotug in special clamps industrial holders and fasteners will be
sugpended, as well as tools nacessary for the assembly that are subsequently
removed in the process of work by mechanical arms.

The power unit of the astrotug can consist of liquid-propellant jet engines
fastened on hinges. On board the astrotug in addition there will be a small

- power unit to supply the control apparatus and the life support system of
the crew.

It is assumed that the astrotug will be completely assembled on Earth and
not require any finishing in space. After the completion of its main task
it can be used to correct the orbit of the station and for its external repair.

The orbital stations will be connected to Earth by transport ships rated for
multiple use, a so-called space shuttle. Ideal ly the shuttle must fulfill a
flight from Earth in the same way as an ordinary airplane, pick up altitude
up to the assigned orbit, deliver to the point of destination its cargo,

again enter the atmosphere, land on an ordinary airport runway, and be ready
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for the next flight after servicing and filling. Such a transport machine that
services the segment '"earth-orbit" is still unreal for today's state of sci-
ence and technology, but the intermediate designs approaching it which could
be created by the end of the 1970's already exist in drawings.

The scheme of flight and layout of such a transport craft are shown in the
figure (p 68 ). The craft consists of three rocket blocks: two blocks of the
first stage are located along the sides of the block of the second stage., The
motor units of all three stages are engaged simultaneously, whereby the motor
unit in the block of the second stage until separation of the blocks of the
first stage uses the fuel released from them. The separated blocks of the
first stage, by using movable wings and turbofan engines return to the launching
region. After the fulfillment of the f£light task the block of the second stage
descends from orbit and returns to .arth to the launching region by using
movable wings and turbofan engines,

/ N \ !
e Y

Flight Pattern of Transport Craft

Key:
1. End of section of vertical 1ift 4. Entrance of units of first stage
2, Separation of units of first into dense layers of atmosphere
stage 5. Return of units  of first stage
3. Exit of units of second stage to launching region
into orbit

However no matter how colossal the progress thst has been attained in the
technology of spacecrafts the transport flight: earth-space-earth will remain
uneconomical until we learn to use the natural resources of the solar system.
Now we have to carry on spacecrafts resources for movement not only on the
path from Farth, but also for return. It is little to say that this doubles
the difficulties of flight--this at least quadiuples them.

In space we can find geological formations and media in the same broad diver-

sity as on Farth. The direct development of tie lunar and planetary virgin
soil is beginning before our eyes. We already know that on the moon there
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are valleys and elevations, canyons less conspicuous to tha eye, deep troughs
in craters, almost vertical slopes, winding valleys similar to the channels
of dried up rivers, low domes which could be the roofs of anommous “bubbles'
blown up in incandescent rock, and encrmeus carpets of formerly liquid

= ’ material (possibly lava).

On the moon at first temporary, and then permanent lunar habitalle bases will
be sat up,

For the lunar settlers primarily it is necessary to create fairly comfortable
residences. For this purxpose it is advantageous to use artificial or natural
deepenings in the lunar mountain massives which will protect the residents
from meteorites and radiation danger. It is not excluded that on the moon man
will find caves and "tubes" similar to those that on Farth are forwed not far
from volcanoces by rivers of molten rock. But on the moon the force of gravity
is lower, therefore such "tubed' can prove larger than on Earth. Of course
such residences must be hermetically sealed, and equipped with lock gate
devices for exit into the external airless space,

Many scientists consider that on the moon initially dwellings and auxiliary
buildings will be constructed of inflatable hardening plastic that will be
inflated with oxygen transported from Earth, Then it 1s proposed that this
oxygen will be continuously generated with the help of chemical treatment
syetems. It is also possible that for this purpose plants will be used, since
they precisely produce the oxygen that we breathe on Earth. On the lunar
base they could regenerate the atmosphere, absorbing the carbon dioxide
exhaled by people and releasing oxygen.

It will become necessary to obtain oxygen at the site, and not only oxygen,
but also as many as possible other constantly expended substances and materials.

Of course the best source of oxygen would be water consisting of 907 of this
element. But if there is no water in a pure form, then for this purpose soil
and rocks can be used which are rich in crystallized water. This water can
be "evaporated" in a solar collector at temperature 3,000°%C. Such tempera-
ture will be created by solar rays concentrated by a system of lenses and
mirrors.

1f there 1s calcium carbonate on the moon, then by having it in a solar col-

B lector one can obtain oxygen, carbon and carbon monoxide. . It is true that
this requires a temperature about 4,000°C. The calculations show that with
an area of the collector of 0.84 m? 265 1 of oxygen per hour will be success-
fully obtained, which will provide life for 15 people.

Metals and silicon, most likely, will have to ba extracted from oxides--
there are many chances of finding rich ore deposits on the moon.

Oxygen, water, food products, fuel and supplies of electricity in storage
batteries probably will be accumulated during the lunar day in such quanti-
ties that are required for the lengthy lunar night--a period of inactivity of
solar units,
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Unique problems are associated with the creation of lunar transportation

that is capable of acting reliably in the severe lunar situation, and in a
medium of light gravity. Even now there is no shortage of plans for different
funar all-purpose vehicles.

As 1is known during the development the most diverse types of propellers

were analyzed: caterpillar , walking, and even jumping, However the wheel
was acknowledged as the most optimal, High reliability combined in it with
econony and simplicity of design.

The considerable length of the wheel system makes it possible for the machine
to overcome wide cracks and projections., With this type of propellexr the
rubbing parts can be reliably protected from the effect of space vacuum and
penetration of lunar dust., The wheels that have individual drive make it
possible to continue movement even when some of them malfunction.

_ A lunar vehicle on a gas blanket is also proposed for moving the cosmonauts
over the lunar surface. According to calculations under conditions of lunar
gravity vacuum to provide movement of the lunar vehicle gas pressure of
3.5 x 10"% kg/cm? will be sufficient. The lunar vehicle is rated for two
cosmonauts, The control mechanisms, gas supply and main motor of the appa-
ratus are mounted on a central platform.

In the epinion of a number of scientists the lunar vehicles on a gas blanket
will guarantee greater velocity of movement and higher capacity for cross-
country travel than wheels. They will be able to develop speead up to 50 km/h,
overcome craters up to 3 m in diameter and rocks up to 0.6 m in diameter,

The caterpillar lunar all-purpose vehicle with rocket system--is yet another
variant of the lunar all-purpose vehicle. Equipped with three stable cater-
pillar supports and rockets it can creep over the lunar surface and make
short flights above it. Such an all-purpose vehicle has very high maneuver:-
ability, It can be turned practically on the spot and can be moved from that
spot in any direction. :

This variant of all-purpose vehicle is rated for lengthy autonomous expedi -
Honswith a multiple crew. It can cover distances of hundreds of kilometers.
Its energy sources--fuel components, storage batteries and radio-isotope
thermoelectric generators.

With time the moon will be covered by a network of hermetically sealed lunar
residences and enterprises, In the numerous lunar laboratories experiments
will be carried out and astrophysical studies that are impossible on Earth,
Based on the lunar minerals unique industrial complexes will be built. Human
activity on the moon will be associated with an enommous number of new pro-
jects and completely unusual solutions in the field of constructionm.

Due to the intensive development of the moon the problem arises of a large
number of transport flights in order to supply to the lunar surface scien-
tists, engineers and service personnel, It is considered that the most effec-
tive means of communication between the Earth and moon can prove to be the
aerospace airplane.
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Its take-off will be horizontal as in the modern airplanes. The ramjet-rocket
engines and devices for air liquefaction will guarantea accelexation up to
hypersonic velocitias, The passenger compartment will be separated from the
booster airplane with G-force slightly over 1.5 g during the flight along a
ballistic trajéctory beyond the limits of the atmosphere, after which the
airplane will begin descent to land on the aerospace field, while the passenger
compartment will be put onto the £inal trajectory for flight to the moon by

the jet engine that gives it the necessary velocity.

The engines of the craft will operate almost continuously during the entire
flight, otherwise it would be necessary to give it a rotating movement to
create an artificial gravity force. On the greatest segment of the trajectory
the lunar craft will be accelerated, then it will be turned by 1800 for dace-
leration and transfer to the orbit of a lunar satellita,

Even with very advanced jet engine units the lunar spacecraft will not be able
to land on the lunar surface without additional stages of single action. There-
fore instead of landing the craft on the moon one can provide for its meeting
with a space station located at the libration point, where the passengers are
transferred to a special landing apparatus,

In the development of planets, Judging from averything, the same sequence will
- be preserved as for the moon: first exploratory automatic probes will be sent
to the environs, then a soft landing on the surface of the planet by automatic
stations, finally the first expeditions that mark the beginning of the settle-
ment of the planet and the use of its resources.

Studies of Venus and Mars are of great importance in the first place for under-
standing the origin and evolution of the solar system in general, and of Earth
in particular, A study of Mars is important also from the viewpoint of
biology. On the example of the American program "Viking" a shift is clearly
visible in the center of gravity of the scientific research towards complex
experiments including both a broad circle of tests to investigate the organic
chemistry of the Martian surface, agwell as - carrying out purely biological
experiments,

Whereas one of the planets on which the sclentists placed great hopes until
recently was Venus, now Mars has occupied the first place. The conditions on
Venus strongly limit its studies even with the help of ummanned apparatus.
- It 15 evident that it will be more difficult for man to create conditions for
landing on this planet in the near futura. Mars is a more hospitable planet.

The problem of man's flight to other planets consists, howaver, not so much

in the complexity of conditions on these celestial bodies, as in the distance
to them. Thus, for example, Mars in the periods of opposition (once in 2
years) is located 56 million km from Barth, i.e., almost 150 times farther

from us than the moon. A number of other problems are associated with distance.
In order to travel to Mars with return to Earth man has to negotiate hundreds
of millions of kilometers in space, and this will take about 3 years. None

of the modern spacecraft are capable of carrying on board such a quantity of
supplies of oxygen and food in oxder to guarantee for this period the living
conditions even of a small crew, For expeditions of 10 people it would be
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necessary to have supplies of water, oxygen and food products weighing about

70 T. And this is without consideration for a possible delay. Therefore a

flight to Mars would require not an ordinary craft, but an earth in minature,

The scientists call a '"closed-cycie system," where use of wastes would

- be set up in order to continually restore the atmosphere to reproduce the
food products on board.

All human vital activity in outer space would have to occur in a continuous
single cycle, i.e., in such a way that everything that is released is absorbed,
and everything that is absorbed 1s restored, so that it can be used again,
Discharges of the organism can be used to grow plants which are used by man
and animals for food; in addition the plants, absorbing carbon dioxide and
solar energy will supply oxygen necessary for the organism,

In order for the turnover of substances to be stable the system must include

producer organisms that creat: organic substances; consumer organisms that are

fed by the producer organisms; destroyer organisms that break down the organic

compounds of the wastes of vital activity of organisms of the first two types

- to an inorganic substance; finally inorganic components of the system forming
a medium in which these organisms live. As an energy source in such a system,
as in the turnover of substances on Earth, there will be the sun.

For man's flight to Venus or Mars an engine is not suitable that operates on
ordinary chemical fuel, since the duration of the voyage proves to be extremely
great. For this purpose more powsrful energy sources are needed, more pre-
cisely, sources with a high degree of energy concentration in a unit of mass.

Nuclear energy contained in an atom is a million times greater than chemical
energy. Therefore it is most probable that nuclear energy will be used for
the interplanetary flights. One of the most suitable at the first stage will
apparently be the solid-phase nuclear rocket engine. The "heart" of the
reactor in such an engine will be a vertical cylindrical core consisting of

a solid matrix made of refractory material, within which vertical rods of the
fissionable material are placed in regular order, contained in a pipe made

of heatproof material. Around the core of decay there is a reflector consisting
mainly of the same material as the core of decay, i.e., of elements oxr group
of elements of low atomic weight, such as hydrogen, deuterium, beryllium or
carbon in the form of graphite. Between the rods of the atomic fuel control
rods made of boron compounds are placed in a regular order. Pure uranium-235
can be used as the fissionable substance, but most likely uranium carbide or
uranium dioxide will be used that have a lower working temperature,

The interplanetary craft will have an enormous weight. Therefore its
assembly should be carried out in orbit from individual completely prepared
blocks. Initially the actual craft (without cosmonauts) will be put into a
base geocentric orbit, Then rocket blocks with miclear engines will be put
into the same orbit--booster rockets to transfer the craft from a geocentric
orbit to trajectory for flight to Mars, and sustainers to transfer the craft
from a trajectory for flight to Mars to an areocentric orbit for subsequent
transfer from this orbit to trajectory for flight to earth, and finaliy for
transfer from this trajectory to a geocentric orbit.
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All the rocket blocks will be put into orbit completely prepared with the
working body, but it will be possible to replenish them with the help of a
transport apparatus of multiple use. The same transport apparatus will supply
cosmonauts and the necessary resources to the Martian craft.

The manned landing module of the Martian craft will consist of a landing and
a flight stage, During the flight to Mars the landing module with the help
of the on-board engine will descend from an areocentric orbit and enter the
atmosphare of Mars by using aerodynamic deceleration.. When the valocity of
the module is reduced to the local velocity of sound, a thermal-protection
screen of the deceleration engine unit will be discharged and the compartment
will land with the help of this unit and a parachute systen,

The task of the first cosmonauts landing on the Martian surface will include
magnetic, gravitational, and seismic studies, collection of soil samples,
obtaining of atmospheric samples, search for life, study of the behavior of
1ife forms under Martian conditions, and search for water and other natural
materials on the planet. For movement of the cosmonauts the landing module
will be equipped with a self-propelled vehicle.

After the fulfillment of the program of research the cosmonaut in the launching
stage of the landing module will blast off from Mars. After return of the
expedition to the craft and transfer of the cosmonauts to the orbital module
the launching stages of tha landing modules will be released.

The route of the flight "Mars-Earth" will pass near Venus. This will make it
possible during the flight near this planet to study it with the help of an
unmanned apparatus.

The crews of the Martian craft will be sent to Earth evidently by transport
crafts of nmultiple use. In principle the Martian craft, besides the orbital
module and the manned landing module can include also a module for descent to
earth. The increase in the weight of the craft in this case will be slight,

It is also evident that it will also be expedient to provide in the construc-
tion of the craft an unmanned apparatus which could land on the surface of
Mars and then return to the craft with samples of Martian soil and results of
studies, After an evaluation of the data obtained from the ummanned landing
apparatus a decision could be made on the landing of the expedition.

Of considerable importance in the investigation of the outskirts of the solar
system and the giant planets-Jupiter and Saturn. Specification of their
composition--the correlation between highly volatile, silicate and iron compo-
nents--is of basic importance for an understanding of the differentiation of
a protoplanetary cloud at different distances from the sun and conditions of
substance condition of the planets. The increased brightness of Jupiter in
the radio range forces us to assume there is increased heat emission by the
glant planets which could conceal the rudiments of stellar energy, and are

a type of "stars that have not taken place.”" Therefore it is understandable
why the specialists are interested in flights to Jupiter by automatic inter-
planetary stations. One can hope that as a result of such flights important
scientific results will be obtained,
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Quite recently practically all the scientists rejected the possibility of
existence of life on upiter as a consequence of the '‘toxic" atmosphere of
this planet., Today, howsver, the narrowness of nuch a view is beginning to
be recognized. Modern space theories assume that about 4 billion years ago
the earth vas enveloped in gas similar to that which now surrounds Jupiter.
But precisely under such conditions primitive life on Farth was born! Only
at a later stage, when plants emerged were compounds containing hydrogen in
the atmosphere such as methane and ammonia gas squeezed out by oxygen, And
only after this did the animal world appear.

Thus, one can ascume that Jupiter is at the starting stage of biological devel-
opment, This can also explain the unusual coloring of its atmosphere, typical
for many complex organic compounds.

Due to the astronomical instruments sent into a near-earth orbit we will learn
very quickly whether this is fantasy or reality. But evidently it will still
be a long time before a manned interplanetary craft will be sent to- Jupiter
with its atmosphere shaken by terrible storms and showers that are incompar-
able to those on Earth. During this century and a considerable portion of the
next man apparently will be able to tread only on the nearest planets of the
solar system, Mercury, Vienus and Mars. After the implementation of manned
flights to Yenus, Mars and Mercury the potentialities of the solid-phase
nuclear rocket engines will apparently be exhausted, For a lengthy flight in
the yet unstudied. regions of the solar system more economical engine units
will be required.

The impulse nuclear jet engines (NJD) and thermonuclear can become such units,
The external impulse NJD uses energy from the explosion from a large number

of small charges located on board the rocket. These charges successively are
released from the rocket and exploded a certain distance from it. With each
explosion part of the expanding gaseous fission fragments in the form of plasma
with high density and velocity collide with the rocket base--the propelling
platform. A quantity of plasma movement is transmitted to it and the plat-
form is advanced with great acceleraticn. The acceleration is reduced by the
damping device to several g in the nosecone of the rocket, which does not
exceed the limits of endurance of the human organism.

In the internal impulse NMJD the nuclear discharge is exploded in a "combus-
tion chamber" filled with a working body which is heated, and then escapes
from the engine, creating thrust, Here all the explosion products in the
entire weight of the working body are used to create the thrust.

The reaction of hydrogen conversion into helium will be used in the thermo-
nuclear rocket engine. The design of the thermonuclear engine is simpler,
From the viewpoint of cost and economy it also surpasses the impulse NJD.
Both types of engines "impulse and thermonuclear" will provide specific

thrust corresponding to the energy requirements of a flight within the solar
system with permissible length of the voyages.
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If we want to leave the solar system and go to one of the closest stars, then
the velocities that can be provided by nuclear and thermonuclear engines will
prove insufficient. As is known the closest immobile star, Centaurus is 4.3
light years away from us, i.e., the light dispersed at a velocity of 300,000
kn/s will reach us in over 4 years. A simple calculation shows that a space-
craft in order to traverse such a distance even with a valocity of 100 ka/s
needs over 1,200 years.
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Scheme of Ecological System of Closed Cycle

Key:
1. Solar energy 4, Food 8., Nutrienta
2, Single-celled algae 5. Feed
3. Higher plants 6. Animals

7. Wastes

In order to cover interstellar distances velocities are required that are
close to the speed of light. The only method of reaching such a speed is to
use so-called photon rockets.

In the modern schemes the photon rocket is somewhat like a gigantic projector.
It is assumed that one half of the working body will be matter, while the
other antimatter which entering into a reaction annihilate; i.e., are
converted into electromagnetic radiation. Here the radiation will be given

a directed nature, with the help of a screen (mirror) a flow of photons is
reflected to the side opposite to the direction of flight., The radiation
creates the necessary thrust,
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Scheme of Interstellar Photon Rocket

Key: )
1. Reflecting “dish" (mirror) 6. Main compartment
2. Master engines 7. Living areas of cosmonauts
3. Tanks with antimatter 8. Emitters
4, Tanks with matter 9. Spherical observatories -
5. Shielding screens 10, Central control post B

11. Space rocket glider

A flight to the nearest stars will take years or decades. But will it be

possible to reach stars whose light reaches the earth in hundreds or even
thousands of years? It seems that only a negative answer is possible to this -
question since the travel time would exceed the average duration of human

l1ife. Two solutions to this problem are theoretically possible.

First--one generation of people is established on board an interstellar
spacecraft, and within several generations their progeny will reach the
distance worlds. The second--to create metabolic preparations which will

be capable in a significant way of delaying the biological activity of the
organism of the crew members, so that their lives will last several centuries.
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There exists yet another problem. According to Einstein's theory of rela-
tivity the rhythm of time on an object moving with great velocity is reduced.
And the reduction will be especially perceptible when the velocity approaches
the speed of light, A flight to a neighboring galaxy, Andromeda, on a photon
rocket in time measured on board a spacecraft could be completed in 9 years.
On earth about 750,000 years would have passed. This period is so great that
during such a time the surface of the earth and its climate could be changed
50 much as to te unrecognizable.

Although the practical realization of photon rockets and interstellar crafts
in general evidently will encounter exceptional difficulties truly unlimited
possibilities for spreading into space are unfolding before mankind. Theore-
tically it is capable of penetrating as far as it wants into the universe
surrounding us. It is also probable that other, nonrocket methods of movement
into interstellar space will be found. For example, gravitational waves, the
effect of electrical and magnetic fields in the interstellar space will be
successfully used.

However all of this is still too far ahead.

The nearest plans for interplanetary voyages are so enticing and attractive
that they force the scientists to concentrate attention on them as the primary
tasks of astronautics.

The prophctic words of the founder of rocket technology, astronautics and the
theory of interplanetary communication Konstantin Eduardovich Tsiolkovskiy
are beginning to come true: 'Mankind will not remain forever on Earth, but
in the pursuit for light and space will timidly penetrate beyond the limits
of the atmosphere, and then conquer the entire near-solar space."

COPYRIGHT: Izdatel'stvo "Nauka', 1976

9035
CS0: 8144 /0982

78
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100040038-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000100040038-5

FOR OFFICIAL USE ONLY

GREOPUYSICS, ASTRONOMY AND SPACE

RADIATION HAZARD FROM SOLAR FLARES IN NEAR-EARTH SPACE

Moscow KOSMICHESKIYE ISSLEDOVANIYA in Russian Vol 17, Issue 1, 1979
pp 122-126

(Article by V. M. Petrov, A. V. Kolomenskiy and M. V. Zi1']

[Text] 2. Methods of Estimating the Dose and the Risk
of Exceeding It

On the basis of a statistical model of radiation condi-
tions caused by solar cosmic rays a method is expounded
for estimating the absorbed dose of protons from solar
cosmic rays and the probability (risk) of exceeding it
. in orbital space flight. Estimates of the risk-dose
: relation are given for various variants of the orbital
flight.

A model description of the radiation conditions due to solar cosmic rays
- was obtained in the paper [1] as a result of an analysis of statistical

data. This description is the starting point for the analysis of the

dose of solar cosmic radiation and the probability (risk) of exceeding it
_ in space flights of various duration.

The procedure for estimating the dependence of a dose on the chance of it
being exceeded 1s based on application of the Monte-Carlo method. This
- procedure consists egsentially of the following. A great number of flights
of a certain type are considered; they are called histories according to
usage in calculations by the Monte-Carlo method. In each history random
characteristics such as origin times of flares, total proton flow per
flare, characteristic hardness of the spectrum, perturbation of the gec-
- magnetic fleld present during the proton flares, intensity of the per-
_ turbation are considered. From the characteristics found for each history
the doses 1n the spacecraft compartments are calculated taking into
account the flight trajectory. Then, on the basis of all the dosges
realized, the relation between the dose and the risk of exceeding it is
constructed for the flight variant under consideration.
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The moments of origin of proton flares are determined by direct modelling,
and the time interval between two consecutive flares is calculated
- according to the formula

tk - tg-1 = 1n 8/}, (1)

where ti is the moment of origin of the kth consecutive flare, a is a
random number distributed uniformly over the interval from 0 to 1, A--the
frequency of flares. If ¢, > T, where T is the flight duration, the

- history is terminated.

The remaining random characteristics of the radiation environment--proton
flow, spectrum, magnetic storm intensity--are calculated in the process
- of modelling from expressions of the form

Ymas

[ 1(¥)a¥=q, )
Y

where a 1s, as before, a random number, Y--the magnitude of the random
characteristics, Ypax—--the upper limit of variation of the random charac-
teristic, f(Y)--the distribution density.

The event which consists in a flare occurring against the background of a
- magnetic storm is defined by the coordinate of the random a falling into
- the segment 0...1. If a ¢ a,, the flare occurs against the magnetic
storm background; otherwise there is no perturbation.

In this case a, = 0.34 1s the frequency of observation of flares against
the backgrcund of magnetic storms.

- Fig. 1. Risk of exceeding a
dose as a function of the

dose for orbital flights: the
orbital inclination is 51°
(dashed lines) and 71° (solid
lines). The numbers 1, 2, 3,

4 correspond to flight duration
of 14, 91, 182, 364 days.
Thickness of the aluminum
shield 1 gm/cm2.

i1t 21l g1 s rrragl foe el

/ 7 190 1000

- Dose (in rad)
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The churacterlstics obtalned in this way were used to calculate the
dose behind the shield from each flare in orbital flight:

tnity, ~
Dy (8, 1y, hy, X) we! j‘ j 1, B)C (K, 6)dt dE:, (3)

[ Boo X}

where ty is the initial moment of increase of the proton intensity,
tfi~--the duration of the flare, f£(t,E)--the dependence of the proton
intensity on time and energy, Eqq(t,X)--the cut-off energy as a function
of the current coordinates of the craft and of the intensity of geomagne-
tic field perturbation X, C(E,8)--the conversion factor from the flux to
the dose behind the shield of thickness §; L~-coefficient of shielding
of the flux by the earth.

It was assumed in the calculations that the characteristic spectrum hard-

ness R, does not change during a flare and that the time dependence of
the intensity for proton energies above 30 MeV is of the form (2]

14, E) =AL o' o-nmiin,

e mo {3 ) (2}

"

where

%o 1s the integral flow ofbprotons with the energy 30 MeV per flare

tn-—the rise time of the intensity, to--the decay time, R = JEZ + 1876E--
the hardness-energy relation for the proton.

The cut-off hardness at each point of the spacecraft trajectory in the
absence of geomagnetic perturbations was determined by interpolation of
table values from the work of Quenby and Wenk [3], and the trajectory

_ coordinates from the formulas for the motion of artificial earth satel-
lites [4]. It was assumed that for northern and southern geomagnetic
latitudes above 70° there 1s no cut-off.

The relation between the intensity of geomagnetic perturbations and the
cut-off hardness was obtained from Solomon's formula [5]:

P(z)=P¢{1+%’—(/Acos“'¢—~i)}. (4

where M is the earth's magnetic moment, Py--tiie cut-off hardness for
unperturbed magnetic field, ¢--the geomagnetic latitude, r--the distance
from the center of the earth. "
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In accordance with the given procedure an algorithm has been worked out
and a program has been set up in Fortran for the YES-1030 computer, which
makes it possible to calculate the relation between the tissue dose and
the risk of exceeding it for varlous variants of orbital flight.

In the present work calculations have been made for flights on circular
orbits at 300 km and for 14, 91, 182, and 364 days. Flight variants
have been considered with orbital inclinations of 51°, 65°, 71°, 90° and
with aluminum shielding ranging in thickness between 1 and 10 gm/cmZ,

At least 104 histories were investigated for each variant. With the risk
value of 0.0l the statistical error did not exceed 10-12%. The rise time
of the proton intensity was assumed to be equal to 9 hours for all flares
and the decay time to 27 hours. These amounts conform to statistical
data taken from [2]. The earth's shielding coefficlent was assumed

equal to 0.5.

As a characteristic of the radiation environment within the compartments
the local dose (dose of a tissue-equivalent point dosimeter) is taken.
Its use ylelds the upper estimate of the absorbed dose for objects of
finite dimensions (in particular for the model of man).

We will examine the influence of various orbital flight parameters on the
risk~dose relatior. Fig. 1 presents the dependence of the risk on the
dose for flights on orbits inclined 51°. It is evident that the irradia-
tion risk grows as the orbital inclination and the flight duration
increases. Thus, for instance, the irradiation risk for a dose of 30 rad
in year-long flights on orbits inclined 51° and 71° behind 1 gm/cm?
shield is 0.001 and 0.5 respectively.

yl

= With fixed values for the risk the irradiation dose also increases as the

- orbital inclination and the flight duration increase. TFig. 2 presents
the dependence of the isorisk dose on the thickness of the aluminous
shield for inclinations of 51° and 71°. The irradiation risk is assumed
equal to 0.01. This amount of risk may be considered acceptable for
estimates of the radiation hazard in space flights [6].

It is evident from Fig. 2 that, with the same shield thickness and flight
duration, the dose is considerably smaller for the 51° inclination than
for 71°, which is explained by the effect of shielding of the particle
flow by the earth's magnetic field. In the first case, with a shield
thickness of 1 gm/cm? and flight duration of 1 hour, the dose is 12 rad.
This amount does not represent a serious danger for a human being.

- In the second case the dose may be ~ 400 rad under analogous conditionms.
In this case to lcwer the irradiation dose to the level of 50 rad, for
example, a shield thickness of 5 gm/cm? is required. An analysis of the
results presented in Fig. 2 shows that with a risk of 0.01 and a fixed
shield thickness the dose increases with increasing flight duration
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according to the law ~ yT, which {8 In agreement with the results of cal-
culatlony for light in free outer wpace [7). It Ls Interesting to com-
pure the scale of doses and risks in orbital flights and in flights in
free outer space.

1000

D) S

Dose (in rad)

~

a,.A__Alllllll’llll

Vi)
Shield thickness (in gm/cm?)

Fig. 2. Dependence of the isorisk dose on the thickness of
aluminum shield for flights inclined 51° (dashed lines) and
71° (solid lines). The numbers 1, 2, 3, 4 correspond to
flight durations of 14, 91, 182, 364 days (risk--0.01).

Fig. 3 presents the risk-dose curve for orbital flights (solid curves)
and flights in free outer space (dotted curves) of 1 year duration.

The same figure shows, for comparison, the results obtained in: papers

[7, 8},~-corresponding to curves 6 and 7 respectively. The data of

(7, 8] have been converted by us from fluxes to doses. It was. assumed
- that in free space the proton spectrum (R, = 80 MeV) is realized.

In comparing the curves for orbital flight and for flight in free space
(curves 1-4 and 5) it is evident that for the same risks the doses in
orbital flight are considerably lower than in free-space flights.

Thus, for a risk of 0.0l the dose in an orbital flight with 90° inclina-

- tion the dose is 28 rad, while in free space it is ~ 160 rad. This fact
is explained to a considerable extent by the shielding effect of the
geometrical field and of the earth itself. .

The substantlal differences in the curves 5-7 are explained by different
-approaches in taking into nccount the most powerful flares.
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Fig. 3. Risk of excess dose for orbital flights (solid lines)
and flights in free outer space (dashed lines) of 364 days
duration. Shield thickness 10 gm/cm2; 1, 2, 3, 4-—-curves for
flights in orbits inclined 51°, 65°, 71°, 90° respectively;
5--curve for flights in free space; 6, 7--curves for flights
in free space according to tlie papers [6, 8]

_ In papér [7] it was assumed that the maximum proton flux is limited to the
quantity 1.2 x 1010 protons/cm? (upper limit of expression (2)). In paper

. [8] the maximum flux was practically unlimited. In the present work we

- have limited the maximum flow to the quantity 8 x 109 protons/cm?., This
amount was observed in the flare of 8-3-1972.
Conclusions
1. A procedure is proposed for estimating the relation between a dose

_ and the risk of exceeding it for protons of solar cosmic rays in near-
earth space.

2, The procedure indicated may be utilized for estimation of the radia-
tion hazard in orbital space flights.

Received 7 February 1977

BIBLIOGRAPHY

1. Kolomenskiy, A. V.; Petrov, V. M.; Zil', M. V.; and Yeremkina, T. M.
KOSMICH. ISSLED., Vol 16, p 698, 1978.

- 2. Khaffner, Dzh. "Nuclear Radiation and Protection in Space" [in
Russian], Moscow, Atomizdat, 1971, p 34.

84
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100040038-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000100040038-5

3.

FOR OFFICIAL USE ONLY

Quenby, J. J.; and Wenk, G. J. PHIL. MAG., Vol 7, No 81, p 1457,
1962, »

Erike, K. "Spacé Flight" [in Russian], Fizmatgiz, 1963.
Solomon, A. I. J. GEOMAGN, AND GEOELECTR., Vol 18, No 3, p 343, 1966,

Dudkin, V. Ye.; Kovalev, Ye. Ye.; Kolomenskiy, A. V.; Smizennyy, L. N.;
and Sakovich, V. A. KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA
MEDITSINA, No 4, p 72, 1975.

Generozov, V. L.; Kolomenskiy, A. V.; and Sakovich, V. A.
KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA, No 3, p 74,
1973.

Yucker, W. R. "Solar Cosmic Hazard to Interplanetary and Earth-
Orbital Space Travel," PROC. NAT. SYMP. ON NATURAL AND MANMADE RADIA-
TION IN SPACE, NASA TM X-2440, Washington, D.C., January 1972, p 345.

COPYRIGHT: Izdatel’stvo "Nauka", !"Kosmicheskiye issledovaniya," 1979

12157

CsO:

1870

85
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100040038-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000100040038-5

FOR OFFICIAL USE ONLY

PUBLICATIONS

ENGINEERING, PSYCHOLOGICAL PLANNING -OF AUTOMATIC CONTROL SYSTEMS

Moscow OSNOVY INZHENERNO-PSIKHOLOGICHESKOGO PROYEKTIROVANIYA
ASU TP (Foundations of Engineering and Psychological Planning of Automatic
Control Systems for Technological Processes) in Russian 1978 signed to press 15
Jun 78 pp 4-9, 204-208

[Annotation, foreword, introduction, bibliography, and table of contents from
book by A. !. Galaktionov, V. A. Trapeznikov, A. A. Voronov, A. G. Mamikonov,
O. L. Aven, and D. M. Berkovich, Energiya, 11,000 cupies, 26G¢ pages]

[Text] In the book are presented the theoretical bgses of
planning automatic control systems for technological pro-
cesses as a man-machine control system. Analysis is
performed on specifications, primarv problems, and ap-
proaches of engineering and psychological planning. Study
results of the structure of mental activity of the tech-
nologist-operator are presented: approximate models of his
activity are constructed which make it possible to solve the
primary problems of construction of man-machine systems.
Methods, means of study, and evaluations of man-machine
systems are described with the aid of universal simulating
complexes. Promising methods and means of data display
are described.

Intended for planning engineers, operators, psychological
engineers, experts in scientific organization of labor, as
well as students, graduates and instructors of the cor-
responding specializations.

Foreword

By decision of the 25th CPSU Congress all sectors of the national eeconomy are
faced with great and complex tasks to improve the process of control of
production and raise its quality and efficiency. Automatic control systems based
on modern scientific achievements in control theory, economic-mathematics
methods, and computer technology are a powerful means of clear enhancement
of the level of production contrc® and ercompass both the sphere of
organizational control and the techno. . ical processes of production.
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A general pattern in the development of modern automatic control systems
(ACS) for technological processes (TP) is not merely an increased volume and
complication of automatie control functions, but also the expansion of system
seales: the transition from automation of unit control to control of a group of
units up to and including a plant, combine, or sector. An harmonic combination
of work in designing systems of all classes is observed for all levels of the
production hicrarchy. For higher classes of TP ACS technological process
control problems come closer and closer to organizational production control
while supplementing one another. Their comprehensive solution should yield new
results in so-called "integrated control systems" (74).

The primary complexity in planning TP ACS today is not associated so much with
hardware and software as it is with the so-called ergonomics of the tiystem.
Ergonomics, targeted at organization of the optimum human operator interaction
with other system components, conceals within itself the virtually untapped
reserves of enhanced efficiency and operating reliability of TP ACS and the
objeets it controls. Criteria of optimums implies the degree of compatibility of
the external and internal means of human operator activity, compatibility of
exlernal conditions and psychophysiological states of the human body, and so
forth,

Only a partial view of ergonomies of TP ACS is examined in the book--
psychological engineering planning (PEP).

The ‘book begins with a brief acquaintance with TP ACS and general problems

- of planning such systems. The material in Chapter 1 can be useful for those

psychologist engineers who are not too familiar with TP ACS. In addition, there
was another goal in mind—to permit the reader to compare the hitherto utilized
traditional methods of technical planning for TP ACS with the evolving methods
of systems psychological engineering planning (PEP). '

Chapter 1 contains a general discussion of our proposed approach to the
elaboration of approximate methods of TP ACS PEP.

Chapter 2 involves the study of internal means of human operator activity. The -
results of years of research by the author on the structure of mental activity
of a technologist operator are cited in particular. The goal of this research is
to reveal the resources of construction of a theoretical model which is adequate
for ihe structure of mental activity and permitting solution of PEP problems. It
was found that idealized structures of mental activity which operators try to
form during the self-teaching process may be adopted as such a model.

Chapter 3 is devoted to an elaboration of methods available to planners for
construeting theoretical models of activity on the basis of his available initial
data in carly stages of systems design. A series of these methods is suggested
and specific examples show how they must be used.
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The construction of theoretical models makes it possible to solve the first PEP
problems.

Chapter 4 contains a deseription of approximate methods of solution of the
primary problems of PEP.  An attempt is made, using specific examples, to give
the materinl presented the form of PEP methods.

Chapter 5, written in collaboration with D. . Ageykin, Ye. K. Krug, doctors of
technical sciences and professors, and Yu. S. Legovich, engineer, describes a
universal simulating complex developed to study and plan man and machine
systems and the research performed in it.

Finally, Chapter 6 contains a description of several promising principles,
methods, and means of data display developed by the author or with his direct
participation. A prototype panel is described in particular (Tsement-1 ACS).

The authors is deeply grateful to the participants of some research and
developments deseribed in the book. In psychological engineering experiments
studying the structure of operator activity participated Ye. F. Gorskiy, V. N.
Yanushkin, A. D. Sled', and N. A. Bakhareva, engineers. Participants in writing
sections 3.3 and 3.4 were V. N. Shcherbakov and Ye. A. Trofimov, graduate
students. Work on creation of a universal simulator complex involved, in
addition to the authors indicated, B. A. Faleyev, A. V. Morozov, M. A. Putyato,
Yu. L. Orlov, leading designers, Ye. F. Gorskiy, N. A. Bakhareva, V. K. KOstin
and A. I. D'yachenko, engineers; the latter also participated in writing section
5.3. In the development described in Chapter 6 of the control panel (Tsement-
L ACS) participants included the late Yu. T. Knopov and D. L. Ageykin, authors
of the sporadic monitoring system; Ye. F. Gorskiy and N. A. Bakhareva,
engineers; and associates of VIASM, TNIISA, and the Sebryakovsk Cement Plant.
Professor E. L. Itskovich and engineer V. L. Volkov also gave useful advice on
the control panel.

Introduection

Modern control systems for complex technological objects are by nature
automated man-machine systems (MMS) designed to solve problems of cen-
tralized monitoring and operative control of technological processes.

They contain two links of different nature which are closely associated by
unified functional goals: man (team of people) and the control system hardware,
including modern computers.

The overall functional efficiency and reliability of automatic control systems for
technologica. ..: ocesses (TP ACS) and the objects they control is determined not
only by the operating efficiency and reliability of each system link, but chiefly
by the degree of compatibility of their combined operation. Most of these
systems have until now been built using traditional methods of technical
planning: planning only the technical portion of the control system. These
methods are very well developed and make it possible to build the TP ACS
hardware having the desired characteristies.
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Clearly insufficient attention has been paid to questions connected with the
orgunization of activity of the human operator and its compatibility with the
operation of the systems hardware. Most emergencies, catastrophes, and lost
time today occurs because of operator fault, or more precisely, due to the fault
of the planner who did not truly know how to organize operator activity and
mateh it with the operation of the control system hardware. This always causes
the system and control object to operator under conditions far removed from
optimum. Consequently, enterprises bear significant economic losses.

Attention should be paid to the fact that reserves of the component of overall
efficicney which is linked with the perfection of technical means of ACS have
now been significantly exhausted. This suggests that we should not anticipate
any sudden rise in overall efficiency and reliability of the man-machine system
via improvement of hardware in TP ACS. In contrast to this, reserves of
increased efficiency in the man-machine system (MMS) which can be obtained by
organizing effective interaction of the technical system link and the human
operator and interaction between individual operators conceal substantial
reserves within themselves. Even comparatively small, effective solutions in
this area can be much more effective than tremendous technical solutions.

The following may serve as an illustration. If some years ago the ratio of the
number of aviation emergencies connected with operator error was 60 percent
and with equipment breakdown was 40 percent, the latter data suggest that the
relationship had sharply changed in favor of equipment. At this time over 90
percent of emergencies occur because of man. The reason for this is that
improvement of technical solutions proceeds more quickly than solutions to
questions of the human factor. ‘On one hand this raises technical reliability,
while on the other hand it increases the number of variable parameters and
consequently, means of data display, complicating the work of the human
operator.

Psychological engineering and ergonomic research are now undergoing rapid
development to solve the problem of elaboration of a theory and meaningful
methods for planning and designing MMS. ~

B. F. Lomov and V. F. Rubakhin, great Soviet experts in engineering psychology,
noted in (60) that the primary content of engineering psychology is the study and
planning of operator activity with subsequen: optimization of informational
interuction of man and equipment in ergatic systems. In the future it is
necessary to construet a theory of planning and open up the controlling
principles forming the basis of informational interaction. ' :

A considerable number of studies have been devoted to particular planning issues
of MMS (43, 55, 57, 58, 61, 63, 64, 73, §0), and some to general methodological
issues concerning the structure, tasks and principles of PEP. These studies are
mentioned at the appropriate points in this book.
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Elaboration of a PEP theory requires close interaction of various contiguous
seientific fields involved in the construction of control systems and the study of
human activity. General systems theory, eybernetics, opcrations research
theory, systems engineering, computer technology, mathematies, general psy-
chology, ergonomics, phsyiology, pedagogy, sociology, scientific organization of
labor, technical estheties--this is an incomplete list of the scientific theories
from which engineering psychology should dig out information to solve its own
primary problem.

The importance and urgency of work aimed at elaborating a special theory of
MMS design have been noted in studied many times by Academicians A. I. Berg
(8), V. A. Trapeznikov (81, 82), and B. N. Petrov (67, 68). They proved' that this
problem is a new step in the evolution of a general theory of control and is a
vital national economic problem.

The goal of this book is the author's atttempt at finding an approach to
approximate methods of TP ACS PEP. The modern planner who knows methods
of traditional technical planning has not only recognized the need to use the
systems approach, but has also tried to apply them in his projects. But the lack
of accessible methods of solution retards the penetration of systems PEP into
practice. Some proposed approaches of engineering psychological analysis,
synthesis and evaluation based on construction of mathematical models of
activity frighten planners with the complexity of the PEP problem solving
procedure, the difficulty of analyzing initial data on the characteristics of
activity of the human operator under various conditions of work, and data on
characteristies of information flows. Planners can not understand the abstract
mathematical models of activity of the human operator suggested by some
authors. The first attempts at using such models required significant
expenditures of labor and time, and the reliability of the results was very low.

Approximate methods of PEP described in this book are free of the shortcomings
of the aforementioned approaches to MMS design. Their initial data are the data
familiar to the modern planner, obtained in early stages of planning. In the first
stage of development of the proposed methods, characteristics of activity of
man and information flows were not utilized. When possible qualitative methods
of evaluation of synthesized versions of PEP problem solving are used:
experimental testing is suggested for their verification.

The structure of mental activity is given in the form of clear, directional,
acyelical graphs. -
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PUBLICATIONS

" UDC 621.396.6:621,318.3
ELECTROMAGNETIC DEVICES IN RADIOELECTRONIC APPARATUS

Mogcow ELEKTROMAGNITNYYE USTROYSTVA RADIOELEKTRONNOY APPARATURY in Russian
1978 signed to press 20 Dec 77 pp 2, 167

[Annotation and table of contents from book by Leonid Alekseyevich Kazakov,
Izdatel'stvo Sovetskoye Radio, 21,000 copies, 168 pages]

[Text] Under consideration here is a large class of electromagnetic

- devices used in radioelectronic apparatus and automation equipment:

electromagnetic drives and mechanisms, steppers, switches, brakes, clamps,
locks and others as well as thelr actuator elements (electromagnets,
electromagnetic clutches). Their functions, structural features,
adventages and basic parameters are noted, and the design procedure is
outlined. Typal configurations of actuator elements are shown and
electromagnetic as well as structural parameters of the latter given.
Outlined are also the basic principles of rational design and engineer-
ing methods of calculation.

This is essentially a handbook, copiously illustrated and containing
information sought by many developers of radioelectronic apparatus and
automation equipment, which should also be useful to students at higher
educational institutions where instrument design and electrical engineer-
ing specialty subjects are taught. ’
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Radioelectronic Apparatus : 5
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1.3. Calculation-design-manu€acture proccdure for
electromagnetic devices 9
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PUBLLCATIONS

UDC 539.216.22:546.28
POLYCRYSTALLINE SEMICONDUCTOR FILMS IN MICROELECTRONICS

Minsk POLIKRISTALLICHESKIYE PLENKI POLUPROVODNIKOV V MIKROELEKTRONIKE in
Russian 1978 signed to press 11 Aug 78 pp 2, 341-343

[Annotation and table of contents from book by Vladimir Mikhaylovich
Koleshko and Aleksandr Adamovich Kovalevskiy, Izdatel'stvo "Nauka 1
Tekhnika," 2,600 copies, 344 pages]

[Text] This is the first, and so far, the only survey of practical and
theoretical achievements made with pol¥crystalline films of silicon,
germanium, tellurium, selenium and AIILBV compounds, their preparation
and application in microelectronics for semiconductor integrated micro-
circuits.

Data .are presented on the preparation of polycrystalline films of semi-
- conductor materials, their buildup kinetics and structure as well as-
physical and chemical properties.

Physical methods of stimulating the buildup of thin films are considered,
namely with an electric field, laser radiation, electron bombardment,
ultraviolet or microwave radiation and ultra- or supersonic elastic
vibrations.

While the book is intended for scientists and engineers working in the
electronic industry, it can also be of use to graduate and undergraduate
students concerned with problems of thin-film physics or radio- and micro-

electronics.
Table of Contents: Page
Foreword 3

Chapter 1. Methods of Preparing Polycrystalline Films of

Semiconductor Materials and Their Buildup Kinetics 7

1. Vacuum-deposition methods 10

2. Ion-plasma and plasma chemical methods 16
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PUBLICATIONS

COMPUTER METHODS AND PROGRAMMIMG (NUMERICAL METHODS IN PROBLEMS OF ELECTRO-
DYNAMICS)

- Moscow VYCHISLITEL'NYYE METODY I PROGRAMMIROVANIYE: CHISLENNYYE METODY V
ZADAZHAKH ELEKTRODINAMIKI in Russian Vol 28, 1978 signed to press 30 Jun 78
PP 2, 263-264

[Annotation and table of contents from collecting of works of the Moscow
University Computer Center, edited by V.I. Dmitriyev and A.S. Il'inskiy,
Izdatel'stvo Moskovskogo Universiteta, 2,140 copies, 264 pages]

[Text] The book, a collection of articles, deals with the application of
numerical methods to problems of electrodynamics and is, in terms of the
subject matter, a continuation of earlier volumes (5, 10, 13, 16, 20, 24).
The first chapter covers new research in diffraction, the second chapter
touches on numerical methods in the theory of antennas, the third chapter
contains material on research in plasma physics, and the fourth chapter
presents results of electrodynamic calculations in geophysics.

- The issue is intended for a wide range of specialists in radiophysics, geo-
physics and plasma physics.
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A.G. Sveshnikov and Yu. A. Yeremin, '"Projection Method of
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PUBLICATIONS

MAGNETIC HYDRODYNAMICS

; Moscow ZNANIYE, MAGNITNAYA GIDRODINAMIKA, SERIYA FIZIKA in Russian No 2,
- Feb 79 pp 2~4, 64

- lAnnotation, table of contents and introduction from the book by Candidate
in the Engineering Sciences, Yu.A. Birzvalk}

[Text] This brochure is devoted to an important field of physics: the
sclence of the motion of electrically conducting liquids and gases in a
magnetic field, a new area of knowledge which opens up the prospects of
creating high power and high efficiency electrical power generators,
The brochure is intended for a wide circle of readers.
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A Somewhat More Rigorous Mathematical Treatment (instead of an
appendix) 60
Conclusion . 62
Bibliography 62
Introduction

Magnetic hydrodynamics, which was founded by the Swedish scientist Alfen,
represents a new, rapidly developing field of physics.

It is known from electrodynamics that an electromotive force will appear in

a conductor if it moves in a magnetic field, intersecting the lines of force,
where this electromotive force leads to the appearance of electrical currents
‘under certain conditions (and practically almost always). In this case, it
makes no difference at all what kind of conductor this is: a frame of copper
wire, a massive conducting body, a conducting liquid or a gas (plasma) or
something else.

On the other hand, it well known that a force acts ona conductor with a
current in a magnetic field, which causes the conductor to move if it is

l not secured, And if the conducting medium is liquid or gaseous, and its
particles can move relatively freely, then you cannot pin them down at all.
And then the laws of magnetic hydrodynamics begin to be felt.

It scems that everything is simple. In actual fact, the laws governing the
motion of the conducting medium in a magnetic field are neither so simple
ner so obvious, Many ususpected effects and nontrivial explanations of
physical phenomena are encountered. These are discussed in this brochure
offered to the readers, which is written by one the leading specialists of
the Institute of Physics of the Latvian SSR Academy of Sciences in the
field of magnetic hydrodynamics, Yu.A. Birzvalk.

Work was started in this direction at the Institute of Physics more than

20 years ago, and over this time, a large collective of specialists has
been brought together, who are working on the problems of magnetic
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hydrodynamics. Regular, so-called "Riga" all-union conferences are held

in Riga on magnetic hydrodynamics; 1978 marked 20 years since the time
- when the first such conference was held. They always attract the attention
of specialists of the entire nation. The all-union scientific and engin-
eering journal, MAGNITNAYA GIDRODINAMIKA, is published in Riga, the only
specialized journal on this subject in the world. It is republished in
English in the US. Pioneering work started in Riga in a number of directions
- in magnetic hydrodynamics.

The author of this brochure was awarded the republic prize im 1970 for work-
ing out the theoretical principles of conduction MHD pumps. As the executive
secretary of the editorial staff of the journal MAGNITNAYA GIDRODINAMIKA, he
is always in the mainstream of events, and for this reason, wae able to
select from the extensive material that which is most characteristic of the
develupment of magnetic hydrodynamics at the present time and in addition,

is sufficiently accessible.

[ hope that' the reader will read through with interest the brochure offered

here,

Ya. Liyelpeter, correspond-
ing member of the Latvian
SSR Academy of Sciences

COPYRIGHT: Izdatel'stvo "Znaniye'", 1979
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- PUBLICATIONS

UDC 539.107.4
. WIRE DETECTORS OF ELEMENTARY PARTICLES

Moscow PROVOLOCHNYYE DETEKTORY ELEMENTARNYKH CHASTITS in Russian signed
to press 16 Jan 78 pp 2, 167-168

- [Annotation and table of contents from the book by Yu.V. Zanevskily,
’ Atomizdat Publishers, Moscow, 1978, 168 pages, 2,530 copies]

- [Text] Wire detectors - spark, proportional and drift chambers - are
widely used in experimental high energy physics and comprise the basis of
the contemporary electron physics experiment. In recent years, proportional
and drift chambers have also been intensively introduced into the related
fields of science and engineering: biology, crystallography, medicine, gamma
ray astronomy, etc.

The operational principles of wire chambers are presented in the book in
systematic fashion, and their parameters are discussed. Electronic re-
cording equipment is analyzed. The areas of application of the chambers
in high energy physics and related scientific fields are indicated.

The book is intended for specialists (engineers, physicists and experiment-
ers), engaged in questions of particle detection, for students in the upper
level courses and graduatc degree condidates, specializing in the fields of
biology, biochemistry, crystallography and medicine. :

Some 141 figures, 2 tables, and 268 bibliographic citations.
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MAGNETIC-MEDIUM LOGIC UNITS WITH CONTROLLED MOVEMENT OF DOMAINS

Moscow LOGICHESKIYE USTROYSTVA NA MAGNITNYKH SREDAKH S U